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Preface 



Tliis book has been written according to the prin- 
ciples of modern science, and its contents are expected 
to find appreciation among practical assayers, chem- 
ists and prospectors. The general plan followed has 
been to arrange the matter treated under six heads, 
namely : 

1. History. 

2. Chemistry and Commercial Points. 

3. Mineralog>\ 

4. Detection. 

5. Qualitative Determination. 

6. Quantitative Estimation. 

By pursuing this course the author intended 
primarily to promote the interest in the study of the 
rare metals, and secondly to induce renewed research 
in places not thoroughly investigated at the present 
time. The writing of the book has been essentially 
facilitated by reference to several authorities, and the 
facts of purely scientific interest are but sparingly 
mentioned. It is, therefore, a work which is of greater 
interest to the technologist and manufacturer than to 
the theorist, practical points having been selected in 
preference, and the directions for the quantitative es- 
timation of the several rare minerals having been lim- 
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4 PREFACE. 

ited to the most necessary details. The historical data 
will be read with interest, as they show the manner in 
which the difficulties encountered were conquered. As 
to the mineralogical part of the publication, the places 
of occurrence of the rare minerals in this country are 
given more elaborately, while the enumeration of for- 
eign localities is necessarily brief. If, therefore, the 
present work should assist in promoting the search 
for the habitat of the rare minerals and the determina- 
tion of their properties and uses, the exertion and ex- 
pense incurred will be amply repaid. 

In conclusion the author hopes that his work may 
be the means of helping those for whose benefit he 
has written, and would solicit the assistance of anyone 
using the book by pointing out any errors which may 
have escaped his attention. 

DR. J. OHLY. 
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Introduction 



The elements usually distinguished as the **rare" 
metals are steadily growing in importance, and it is 
more than likely that they will lose their epithet of 
**rare" in proportion as efforts are made to ascertain 
their habitat and to establish their peculiarities. 

The table given shows the analytical classification 
of the rare metals according to their behavior toward 
the qualitative group ireagents, and is to be regarded as 
the basis underlying the course of investigation pur- 
sued. It will be noticed that none of the rare metals 
occur in the fourth group, which circumstance finds 
explanation by the fact that none of them approaches 
the behavior and characteristics of the three members 
barium, strontium and calcium sufficiently to justify 
their classification with the latter. 

When considering past experiences in the location 
of deposits containing rare metals, the observer is 
forcibly impressed with the fact that an urgent de- 
mand for any of them has never failed to cause strenu- 
ous efforts being made in prospecting for them, and 
that in every case the final results have been most 
gratifying. Demands of this kind originate, however, 
from a close study of the respective elements and their 
compounds, followed by their adaptation to certain 
manufactures, when, as a natural consequence, cir- 
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cumstances arise, which incite to renewed efforts ana 
finally bring the pecuniary benefit desired. In con- 
nection with this train of thought the deplorable fact 
presents itself that through the prevailing tendency at 
American universities and colleges of considering inor- 
ganic chemistry as a closed book, and of concentrating 
efforts mainly upon the imitative study of the carbon 
compounds and the ludicrous * ^ chasing of the atoms, ' ' 
immeasurable harm has been done to the progress of 
our knowledge of the rare metals, any important 
discovery of that character having reached us from 
abroad, that is from England, Germany, France, 
Sweden and Russia. Our limited knowledge of the 
application of some of the rare metals, as niobium 
and tantalum, in manufactures, is therefore partly 
attributable to the indifference shown in this regard 
by the higher schools of learning, to which the pros- 
pectors and practical miners naturally look for guid- 
ance. Mainly for this reason the commercial applica- 
tion of niobium and its compounds, like that of sev- 
eral other rare metals, has not found the attention it 
deserves, due allowance being made for the scarcity 
of the minerals carrying it — which point, however, 
must remain an open question as long as the funda- 
mental researches leading to practical success are 
negflected. 



CHAPTER I. 



TUNGSTEN (Wolfram). 



Chemistry and Commercial Points. — Atomic 
weight 183.6 (Roscoe). The high grade quality of 
tungsten ore ranges in contents of tungstic acid 
(WO3), from sixty to seventy per cent., and the aver- 
age selling price for such ores was $160 per ton in 
1900. The production of metallic tungsten, ferro-tung- 
sten, tungsten trioxide and sodium tungstate 
amounted to seventy-six tons; the metal brings from 
82 cents to $1 per pound, and ferro-tungsten from 
30 to 35 cents per pound. The states of Colorado, 
Arizona, Nevada, South Dakota and Connecticut con- 
tributed by shipments to the annual production; 
deposits of tungsten ore were discovered in Montana, 
New ]\Iexico, Idaho, Oregon, Washington, California 
and North Carolina. A few years ago all the tungsten 
employed in the United States was imported from 
European countries ; subsequent prospecting, however, 
elicited the fact that the mineral was present in large 
quantities at home, thus showing that its classification 
with the ''rare" metals is decidedly on the decline. 

Though metallic tungsten has a high melting 
point, it is readily taken up by steel, and forms then a 
hard, compact alloy, which is employed for the manu- 
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facture of self-liardening tools, which are not im- 
paired by heat, and as a consequence may be driven 
much faster than carbon steel, when used as machine 
cutting tools. Ferro-tungsten assimilates yet more 
readily with molten steel, and the finished product 
serves for the preparation of mechanics' tools and 
other instruments of great hardness. A very distinc- 
tive characteristic of tungsten steel is its capability 
of taking a higher degree of magnetization than any 
other steel, while it resists atmospheric corrosion, 
damascenes finely, and withstands the effects of sea 
water to a remarkable degree. It has been found that 
the most advantageous time of adding the tungsten 
to the steel is during the latter stages of the manufac- 
ture, and that a tungsten steel containing five to six 
per cent, of the metal is very hard and tenacious, 
though workable, and that an incorporation of ten to 
twelve per cent, tungsten renders the alloy so hard 
that it cannot be worked with the lathe, and must, 
therefore, be forged or ground. 

The metal is readily obtained in pure condition by 
the reduction of the trioxide WO.,, with a calculated 
amount of charcoal in the electric or regenerative gas 
furnace. For this purpose the oxide is mixed with 
eleven to twelve per cent, charcoal and five per cent, 
pitch or rosin, when tungsten separates out under the 
effect of the furnace heat in the form of a dense white 
metal. In ordci' to produce ferro-tungsten, the 
crushed tungsten ore is incorporated with a calcu- 
lated amount of iron oxide or scrap, when a mixture 
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of ten to twelve per cent, pulverized quartz is added, 
to which five per cent, of pitch or rosin is given, in 
case the ore is veiy rich, and the mass placed in cru- 
cibles and smelted in a specially constructed furnace. 
The product obtained in this manner is a ferro-tung- 
sten of fine quality, which settles in the bottom of the 
crucibles in the form of a metallic ingot. 

A good commercial ferro-tungsten should have an 
average composition approaching the following 
figures . 

Tungsten 78.80 per cent. 

Iron i5.90 per cent. 

Carbon 3.20 per cent. 

Silicon 1.87 per cent. 

Sulphur 0.11 per cent. 

Phosphonis 0.10 per cent. 

•99.98 per cent. 

It should be free of arsenic and other impurities. 

In the manufacture of the trioxide, sodium tung- 
state is first made by mixing the tungsten ore with 
soda in proper proportion to form that salt, and the 
mixture is then roasted in a reverberatory furnace, 
so that the mass sinters. The product thus obtained 
is withdrawn while hot, and thrown in a vessel hold- 
ing a little water, so as to disintegrate the mass. In 
this manner the insoluble residue of iron, lime and tin, 
which latter is frequently present in small amounts 
as cassiterite, SnOg, is removed, and the solution fur- 
ther purified, after addition of more water, by evapo- 
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ration. The concentrated heated liquid is then 
treated with hot hydrochloric acid, when the trioxide 
WO3, separates out in form of a yellow powder, which 
is recovered by filtering and washing. 

The commercial applications of tungstates, like 
the normal salt, Na2W04+2H20, and the so-called 
meta tungstate of sodium, Na2W4O3 3+10H2O, are 
numerous. The former, when used in solution for the 
saturation of materials, prevent these substances from 
bursting into a flame and allow them only to smoulder 
away slowly. The reduction of the potassium tung- 
states by fusion with tin gives rise to peculiar com- 
pounds, which have various colors, possess metallic 
lustre, and are applied as tungsten bronzes. The 
polytungstates are employed most advantageously for 
this purpose, and after their fusion with tin, are first 
treated with caustic soda and then with hydrochloric 
acid. The same salts, when subjected to the effect of 
the electric current, give deep-blue coppery crystals, 
whose composition is K2WO44H2O. The so-called 
** Magenta bronze" results when tungsten trioxide is 
added to fused potassium as long as it dissolves, when 
the whole is gently heated in a current of hydrogen, 
and digested successively with water, hydrochloric 
acid, potash and water, leaving small violet crystals 
of copper lustre of the composition K2W4O10. Finally 
** Saffron bronze,'* Na2W,.jOj, is prepared like the po- 
tassium salt. It forms beautiful, golden, cubic crys- 
tals, unattacked by alkalies or acids, except hydroflu- 
oric acid. A mixture of the potassium and sodium 



TUNGSTEN. 13 

bronzes is used for the pro«luction of a violet pigmet. 

Sodium tungstate is also employed in place of 
sodium stannate as a mordant in dyeing and painting, 
especially for wool and silk, and also for decolorizing 
acetic acid and acetates prepared from pyroligneous 
acid. Tie compound is also used as a decorticator in 
preparing raw fibers for manufacturing. Other tung- 
states, like lead tungstate, prepared by the precipita- 
tion of sodium tungstate with lead acetate, and those 
of zinc and barium, especially the latter, are used as a 
substitute for white lead. 

The pure trioxide is a fine bright canary yellow 
powder, which acquires, on exposure to light, a green- 
ish tint. It is used as an oil and water color, and is 
quite permanent. When heated to 250° C. in a cur- 
rent of hydrogen, the trioxide is reduced to a blue 
oxide, 2W03WOi, and this compound also finds 
application as a pigment. 

Metallic tungsten in powder form is a commercial 
article and contains usually from ninety-five to 
ninety-eight per cent, of the metal. Furthermore a 
tungsten-nickel alloy carrying seventy-five per cent, 
of the metal and five per cent nickel occurs in the 
market, and analyzes as follows: 

Tungsten, about 74 per cent. 

Nickel, about 24 per cent. 

Iron, from 2.00 to 2.50 per cent. 

Carbon, from 0.75 to 1.00 per cent. 

Silicon, from 0.25 to 0.50 per cent. 

This is a very remarkable and interesting alloy. 
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14 RARE METALS. 

and is of special advantage in case nickel is required 
together with tungsten. When alloyed with nickel, 
the tungsten can be introduced into the steel with 
great accuracy, and very reliable results be obtained 
bv means of it. 

An alloy of aluminum and tungsten, known as 
partinium. and manufactured by Henry Partin of 
Puteaux, near Paris, is (noAv) largely used in auto- 
mobile construction. Most vehicles at the last Paris 
show had partinium bodies. The alloy is very light 
and strong. It is manufactured in profiled sections 
and sheets as well as castings. 

History and Mineralogy. 

In former years the mineral ^ tungsten, " which 
means in Swedish *^ heavy stone, '^ was erroneously 
taken for tin ore, until the mistake was cleared by 
Cronsted. Scheele, the illustrious Swedish chemist, 
showed in 1781 that the mineral scheelite, thus called 
after him, contained lime as a base and a peculiar 
acid, which was recognized in the same year by Berg- 
mann as a metallic compound. 

The three tungsten minerals of commercial impor- 
tance are wolframite, huebnerite and scheelite, of 
which the first named has a hardness of 5 to 5.5, and 
a specific gravity of 7 to 7.5. It is a tungstate of iron 
and manganese, represented by the formula FeOMn- 
OWO3, so that it may be considered as an isomorphous 
mixture of FeW04 and MnWO^. Its appearance is 
black to brownish black, its lustre resinous, metallic 
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or adamantine, and it has a streak verging between 
black and reddish brown, according to the prevailing 
proportion of iron or manganese. When in pure con- 
dition its composition is represented as follows : 

Tungsten trioxide WO3 76 per cent. 

Ferrous oxide FeO 9.5 to 20 per cent. 

Manganous oxide MnO 4 to 15 per cent. 

Niobic acid NboO^ in cases 1.1 per cent. 

It is known to occur in commercial quantities in 
Boulder county, Colorado, and at Red Mountain, 
Ouray county, Colorado. The ore of Boulder county 
concentrates to sixty-five p.^r cent, tungsten trioxide, 
and that of San Juan county to seventy-three or sixty- 
eight per cent. Several tons of wolframite were also 
mined and shipped from Sunday gulch, near Oreville, 
Pennington county. South Dakota, and from the Har- 
rison mine at Ijead, South Dakota. 

lluebnerite, which was named from Dr. Huebner, 
a prominent German chemist and mineralogist, who 
first analyzed it, is second in importance and occur- 
rence. It has a hardness of 4.5, and a specific gravity 
of 7.14, possesses a perfect cleavage, and occurs usu- 
ally in bladed forms, rarely in distinct crystals. Its 
color varies from brownish red to hair brown and 
nearly black, while its streak verges from yellowish 
brown to greenish gray. Its composition is given by 
the figures: 

WO.T 76.9 per cent. 

MnO . 23.1 per cent. 
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so that it is to be considered as a manganese tungstate, 
MnW04. when pure, the percentage of tungstic acid 
being nearly constant in all varieties. The ore occurs 
in commercial quantities in San Juan county, Colo- 
rado, the Dragoon mountains, Cochise county, Ari- 
zona, and at Osceola, Nevada, the latter averaging in 
part seventy-five per cent, in tungstic acid. 

The third and next important tungsten ore, known 
as scheelite, has a hardness of 4 to 4.5 with a specific 
gravity of 5.9 to 6.2, and a tolerably perfect celavage. 
Its color varies from colorless to yellow or brown, and 
its streak is white. The gray, yellowish, clove-brown 
or reddish variety is the most frequent, especially in 
Colorado. Its composition in a state of purity is rep- 
resented as follows : 

WO3 80.55 per cent. 

CaO (calcium oxide) 19.45 per cent. 



100.00 per cent. 

Commercial quantities are found near Long Hill, 
Trumbull township, Connecticut, together with wol- 
framite, and the percentage of tungsten trioxide 
amounted after concentration to sixty-seven and sev- 
enty per cent, for scheelite, and to fifty-five and sixty 
per cent, for wolframite. Limited deposits of scheel- 
ite have been discovered in the San Juan district, 
Colorado. 

Detection. — The presence of tungsten is readily 
ascertained by boiling the finely powdered niinoi'al 



TUNGSTEN. 17 

with a mixture of four parts hydrochloric acid and 
one part nitric acid for about two hours in a porcelain 
dish, when, in case the ore contains tungsten, yellow 
spots of tungsten trioxide will be discernible. The tri- 
oxide is insoluble in dilute hydrochloric acid. 

If heated in the oxidizing flame of the blowpipe 
with borax or phosphorous salt, all tungsten com- 
pounds form colorless beads. 

In the reducing flame they produce with borax a 
yellow glass, in case the quantity of tungsten is large. 
Small amounts added to the bead leave it colorless. 
When heated with phosphorous salt in the reducing 
flame, a glass of pure blue color is produced, as long 
as tungsten compounds are present exclusively. On 
adding a particle of iron salt to the bead, it assumes 
a blood-red coloration, and on introducing tin, the 
bead becomes blue or bluish- green. 

Chemical Reactions. — The trioxide is almost in- 
soluble in a large excess of hydrochloric or nitric 
acids, which circumstance distinguishes it from moly- 
bdenimi trioxide, MoO.,, but it dissolves readily in 
ammonia. 

H2S produces no precipitates in acid solutions of 
tungstates, but reduces the WOy to the blue oxide 
W,0,. 

(NH4)2S produces no precipitate from alkaline 
tungstates, but on acidulating with HC1, light brown 
tungsten trisulphide WS3 is precipitated, slightly sol- 
uble in pure water, but insoluble in the presence of 
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salts. The solution is colored blue. The precipitated 
sulphide dissolves readily in. ammonium sulphide. 

SnClg gives at first a yellow precipitate ; on acidul- 
ating with HCl and applying heat, the precipitate 
acquires a beautiful blue color. This reaction is very 
delicate and highly characteristic. 

Zinc subsulphite, obtained by treating a sulphite 
with zinc, reduces tungsten compounds to a deep brown 
tungstous oxide of unknown composition; in small 
quantities a deep blue color only may be produced. 

Quantitative Determination. — Reduce the ore 
to a very fine powder, weigh off one gram, and digest 
for twelve hours Cover night) at a gentle heat with a 
mixture of four parts hydrochloric and one part nitric 
acid, till yellow pulverulent tungstic acid remains. 
Evaporate to dryness on water-bath, and take up with 
water acidulated by hydrochloric acid. Filter, wash 
the residue, consisting, besides the yellow trioxide, of 
silica and sometimes small quantities of niobic acid, 
with alcohol, and treat the mixture on the filter with 
ammonia. Place the filtrate in a large weighed porce- 
lain crucible, evaporate to dryness on the water-bath, 
and heat the residue of ammonium tungstate to de- 
composition. Weigh the crucible with the remaining 
trioxide, and calculate the percentage. This method 
is due to Woehler. 

In a separate part of two grams of the ore, placed 
on a large watchglass, determine the water contents 
by heating in an air-bath to 110° C. for a couple of 
hours, and weigh. Calculate the moisture contained 
in the ore from the loss in weight. 



CHAPTER II. 



NIOBIUM. 



History. — The historical facts pertaining to the 
discovery of niobium are of a rather peculiar and in- 
teresting nature. In 1801 a specimen of a black min- 
eral, found at Naumeag, Connecticut, and sent by Gov- 
ernor Winthrop of that state to Sir Hans Sloane, then 
president of the Royal Society, London, was submit- 
ted to the English chemist, Charles Hatchett, for 
examination and analysis. Having finished his re- 
searches, he declared to have established the presence 
of a new metal in the mineral which he aptly named 
columbium. Subsequently he published his observa- 
tions and the results of his analytical work in the 
Philosophical Transactions of 1802. Seven years 
later the English chemist Wollaston took up the inves- 
tigations of Platehett, and pronounced the metal to 
be identical with tantalum, which had been discovered 
in 1802 by Ekeberg, a Swedish scientist. This con- 
ception was generally upheld until 1846, when the 
German chemist. Rose, after carefully investigating 
the properties of the metal and its compounds, re- 
named it, callini? it ** niobium,*' from Niobe, the 
daughter of Tantalus, known in Greek mythology as 
having provoked the hatred of Apollo and Diana by 
her excessive priflo in hor children, who were slain by 
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the gods, while she herself was changed into stone. 
This appellation ** niobium" has been accepted ever 
since Rose made the results of his investigations 
known, though it is claimed by some that the name 
**columbium" should be maintained in deference to 
its discoverer, Hatchett. 

Chemistry and Commercial Points. — The metal 
niobium, atomic weight 94.2 and specific gravity 
7.06, has been isolated and may be bought at the 
works in Germany or indirectly from Messrs, Eimer 
& Amend, New York, at the price of $4 per gram or 
15.432 grains. It is a steel-gray metal of fine lustre, 
which burns when gently heated in air to form the 
pent-oxide, NboO.^, and is not attacked at ordinary 
temperatures by hydrochloric or nitric acid, nor by a 
mixture of the two, but dissolves readily in concen- 
trated sulphuric acid, forming a colorless solution. 
It may be justly called a rare metal, since it is known, 
so far, to occur in nature in but few minerals of lim- 
ited occurrence. This circumstance does not exclude 
the possibility, Jiowever, that on closer study of its 
properties, and more intimate research concerning its 
characteristics, the mineral compounds of the element 
may be traced further and their habitat established 
more extensively. Niobium is found most frequently 
in combination with tantalum, and is then present in 
the natural products as the pentoxide in association 
with the corresponding tantalum compound, Ta^Og, 
both boing combined with metallic bases so as to form 
niobates and tanlalates. (Chemical formula, Nb. The 
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element niobium has no commercial application, noi: 
is there any record of the salts of niobium being used 
in the arts. 

MiMERAi^OGY. — The mineral columbite being one of 
the most interesting of the niobium ores, and its oc- 
currence in commercial quantities being known, it 
deserves fii-st consideration. It is found in the Pike's 
Peak region, together with microline, an aluminum 
potassium sodium silicate, resembling orthoclase fel- 
spar, and at Turkey Creek, Jefferson county, Colo- 
rado; also in the Black Hiils district, South Dakota, 
where it occurs in granite veins, associated with cas- 
siterite, beryl and spodumene. In the latter locality 
the mineral appears in crystals and crystalline groups, 
frequently of large dimensions, a mass weighing two 
thousand pounds having been located. The Etta and 
Bob Ingersoll mines in Pennington county are, how- 
ever, the most prolific producers of columbite, while 
the mineral occurs in smaller quantities in the Nigger 
Hill district, Lawrence county, and is there frequently 
found in association with stream tin. The eastern and 
southern states, like Maine, New Hampshire, Massa- 
chusetts, Connecticut, Pennsylvania, New York, Vir- 
ginia and North Carolina, possess also deposits of col- 
umbite, some of the specimens found near Haddam 
and Branchviile, Connecticut, weighing many pounds. 

The prevailing color of columbite is iron-black, 
though varieties occur which vary from grayish to 
brownish black, all three being opaque. Besides these 
a rare columbite of reddish-brown color is met with. 
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which is translucent. Many of these minerals exhibit 
a sub-metallic brilliant lustre and a beautiful irri- 
descence, and all of them show a streak verg- 
ing from dark red to black. They are brit- 
tle, of uneven fracture, of rather distinct cleavage, 
hardness of about 6, and have a specific gravity lying 
between 5.3 and 7.3. A columbite from Turkey Creek, 
Colorado, showed a specific gravity of 5.383, and had 
the following composition : 

NbaOg . » 73.45 per cent. 

TaoOji 2.74 per cent. 

SnOa 1.35 per cent. 

WO;; 1.14 per cent. 

FeO' 11.32 per cent. 

MnO 9.70 per cent. 

CaO 0.61 per cent. 

Total 100.31 per cent. 

The several varieties taken from the Etta mine 
gave analytical percentages varying between the fol- 
lowing figures : 

Nb205 54.09 29.78 

Ta^O. 28.20 53.28 

SnO, 0.10 0.13 

FeO 11.21 6.11 

MnO 7.07 10.40 

CaO 0.21 None 



100.88 99.70 
The specific gravity of the mineral highest in nio- 
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bium percentages was 5.89, and that of the lowest 6.75. 
Another niobium ore, known as pyrochlore, which 
is found in Norway and is said to occur also in the 
syenite of St. Peter ^s Dome, Pike's Peak, Colorado, 
consists essentially of a niobate and titanate com- 
bined. It usually crystallizes in octahedra, is met 
with sometimes in irregular grains, has an octahedra 
cleavage, conchoidal fracture, is brittle, and possesses 
a hardness of 5 to 5.5, and a specific gravity varying 
between 4.2 and 4.36. Its color verges from dark red 
to brown and blackish brown, and it shows a streak 
lying between light brown and yellowish brown, while 
its lustre is vitreous, but resinous on fractured sur- 
faces. It is slightly translucent or opaque. Its com- 
position is shown by the following analytical data : 

Nb205 58.27 per cent. 

TiO 5.38 per cent. 

ThOo 4.96 per cent. 

Ce^O.T 5.50 per cent. 

Cab 10.93 per cent. 

FeO and UO 5.53 per cent. 

NagO 5.31 per cent. 

F 3.75 per cent. 

Ignition gave 1.53 per cent. 

101.16 per cent. 

Specific gravity. 4.22. 

A third niobium ore, known as Hatchettolite, and 
thus named from the discoverer Hatchett, is chiefly 
a tantaloniobate of uranium, resembling pyrochlore 
somewhat in composition, and occurs in the mica 
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mines of Mitchell county, North Carolina. Its form 
of crystallization is octahedral, its fracture subcon- 
choidal, its hardness 5, and its specific gravity 4.77 to 
4.90. It is translucent, brittle, and of resinous luster, 
while its color is yellowish brown. The following 
shows its composition: 

Nb20., and TaoO^, 66.01 per cent. 

WO3 and SnO 0.75 per cent. 

UO3 ' 15.20 per cent. 

CaO 7.72 per cent. 

Y0O3 2.00 per cent. 

FeO 2.08 per cent. 

KoO 0.50 per cent. 

HoO 5.16 per cent. 

99.42 

Pergusonite Is another niobium mineral, consisting 
mainly of a niobate and tantalate of yttrium, and de- 
serves mention on account of its large contents in nio* 
bium pentoxide. It occurs at Rockfort, Massachusetts, 
in granite, with zircon near Storeville, Anderson 
county, South Carolina, and in association with mag- 
netic and other minerals in large rough crystals at the 
gadolinite locality in Llano county, Texas, five miles 
south of Bluffton, on the west bank of the Colorado 
river. It is brittle, translucent to opaque, has a 
brownish-black color and appears light liver-brown 
when split in thin leaves. It gives a pale brown 
streak, imperfect cleavage, subconchoidal fracture, 
and has a hardness varying between 5.5 and 6, while 
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its specific gravity is usually 5.8, which figure is low- 
ered in cases to 4.3 by hydration. Its external lustre 
is dull, but on fractured surfaces brilliantly vitreous 
and submetallic. A specimen from Llano, Texas, had 
the following composition : 

NbA 42.79 

U0> 3.93 

UO, 3.12 

ThO^ 0.83 

Y2O3 and ErgOa 31.36 

FeO 3.75 

CaO 2.74 

H..0 8.19 

P 0.50 

AI2O3 0.85 

PbO 1.94 

100.00 

Deiection. — Since the oxides of niobium are per- 
fectly insoluble in acids aft-Br ignition, a ready means 
is given thereby for their, detection, the only com- 
pounds which share this property with them being 
those of tantalum. Furthermore, the niobium oxides 
remain behind in an insoluble condition after being 
fused with an excess of acid potassium sulphate, and 
subsequent lixiviation with water. They are distin- 
guished from silica by their behavior before the blow- 
pipe, inasmuch as niobic oxides, when heated in the 
reducing or inner flame, assume a greenish-yellow 
color when hot, but become colorless on cooling. When 
treated before the blowpipe with microcosm ic (phos- 
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phorus) salt, the bead dissolves large quantities of the 
oxide, and remains colorless in the oxidizing flame, but 
becomes violet in the reducing flame, or beautifully 
blue in case the bead is saturated with the oxide. This 
color disappears again in the oxidizing flame. On 
adding ferrous sulphate the bead assumes a blood red 
coloration. For the reason that all the niobium min- 
erals, discovered so far, are salts of niobic acid, asso- 
ciated with tantalates, which latter resemble the nio- 
bates closely, a reliable method for distinguishing the 
two compounds is of essential importance. This is 
found in the behavior of the solutions of alkaline nio- 
bates and tantalates toward an excess of hydrochloric 
acid at ordinary temperatures, when the precipitated 
niobic oxide separates out as a white precipitate in- 
soluble in the liquid, while the precipitated tantalic 
oxide dissolves and forms a slightly opaline solution. 

Qualitative Determination. — IMineral acids, es- 
pecially sulphuric acid, even at the ordinary temper- 
atures, precipitate niobic hydrate, nearly insoluble in 
the acid. (The precipitation of tantalic hydrate re- 
quires the aid of heat.) 

(NH4)oS or NH4OII precipitates from acidified 
solutions of NboOr, the hydrate, containing ammonia, 
soluble in hydrofluoric acid. 

NH4CI precipitates the acid, but only slowly and 
incompletely, more especially if in the presence of 
alkaline carbonates. 

K^FeCyo gives, with a solution of an alkaline 
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niobate, which has been acidulated with sulphuric or 
hydrochloric acid, a red precipitate. 

KoFe2Cyi2 gives a bright yellow precipitate. 

Infusion of galls produces an orange-red precipi- 
tate. 

A piece of zinc immersed in an acidulated solution, 
forms a beautiful blue precipitate, which after a time 
changes to brown. (Tantalates yield none or only a 
faint blue color.) 

Quantitative Estimation. — Fuse one gram of the 
finely pulverized niobium mineral (columbite) in a 
platinum crucible with six or eight times its weight of 
acid potassium sulphate; pulverize the cooled mass 
and boil it repeatedly with fresh quantities of dis- 
tilled water, till all the potassium, iron or manganese 
sulphates formed have entered in solution. Filter and 
digest the residue, consisting of hydrated niobic acid, 
ferric oxide, stannic and tungstic acids, in ammonium 
sulphide, containing an excess of sulphur, in order to 
dissolve the stannic and tungstic acids, and to change 
the iron into the sulphide. Filter, wash the impure 
niobic acid with water containing ammonium sul- 
phide, boil with concentrated hydrochloric acid to 
remove the remaining iron, manganese, uranium, ce- 
rium, copper and other metallic compounds, filter and 
finally wash the residue with boiling water. Dry, 
ignite, so as to change the hydrated niobic acid into 
the anhydride Nb^Og, and weigh. 



CHAPTER III. 



THALLIUM. 



History. — Thallium was discovered in 1861 by 
Sir William Crookes in a seleniferous deposit obtained 
from the lead chambers of the sulphuric acid works 
at Tilkerode in the Hartz mountains, Germany, where 
iron pyrites are employed for the production of the 
acid. Deposits of this kind were known to contain 
selenium, but when the mass had been treated for the 
recovery of that metal, a considerable residue re- 
mained, which was first supposed to consist of tellu- 
rium compounds. On testing this residue by spectral 
analysis, the discoverer observed, however, a single 
sharp and brilliant green line, characteristic of the 
metal and its compounds, which circumstance led sub- 
sequently to its appellation, since metallic thallium 
was found to burn with a beautiful green flame, when 
heated in the air. It was hence named by Crookes 
''thallium/' a term derived from the Greek noun, 
signifying a green shoot or bud. 

Toward the end of the year 1861 the discoverer ob- 
tained thallium in distinct metallic form, and soon 
afterwards M. Lamy, who made his researches inde- 
pendently from and almost simultaneously with 
Crookes, exhibited magnificent specimens of the metai 
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east in solid bars, at the last great exhibition in 
London. 

Chemistry and Commercial Points. — Thallium 
of the atomic weight 204.1, specific gravity 11.8, and 
fusing point 290° C, is a tin-white, crystalline, malle- 
able metal, which may be acquired in quantities of 
ten grams from the same sources mentioned under 
niobium, at $1.50, or 15 cents per gram. It has a low 
degree of tenacity, being as soft as sodium, and re- 
sembles lead in possessing nearly the same atomic 
weight and specific gravity. (Lead, at, wt. 206.91; 
sp. gty. 11.4; fusing point 325° C.) Like graphite 
it marks paper readily, producing a streak, which is 
blue at first, turns gradually yellow and fades away 
in a day or two. On account of its softness it may be 
cut with a knife or even scratched with the fingernail. 
When heated in the air it volatilizes at a red heat, 
forming brown vapors of oxide, and boils at a white 
heat. It may be distilled in a current of hydrogen, 
thus excluding the oxidizing effect of atmospheric 
oxygen. Metallic thallium does not decompose water 
at ordinary temperatures, but acquires that capacity 
when heated to redness. It oxidizes rapidly in moist 
air or under aerated water, producing thallous hy- 
drate of the formula TIOII. The latter, as well as the 
carbonate and silicate, are soluble to some extent in 
water, while the readily soluble sulphate unites with 
aluminum sulphate to produce a true alum, like the 
corresponding salts of potassium, sodium and ammo- 
nium. On the other hand thallous chloride, TlCl, 
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combines with p?.atinic chloride to form a double salt 
insoluble in water. The metal dissolves readily in 
sulphuric and nitric acids, but is only slightly affected 
by hydrochloric acid, owing to the insolubility of 
thallous chloride. Thallium salts are extremely pois- 
onous, producing symptoms like those observed in 
cases of lead poisoning. The metal or its compounds 
find industrial application in the manufacture of 
thaUium glass, which possesses a higher refractory 
poi.>er tlian lead glass, and is therefore used for opti- 
cal ])urposes and the preparation of artificial stones. . 
The ])reparation of metallic thallium from flue- 
dust deposits of sulphuric acid factories, using pyrites 
for the production of the acid, comprises, according 
to the directions given by Crookes, the mixing of the 
dust in wooden vats with an eqiuil weight of boiling 
water, and a thorough stirring of the mass, when a 
considerable quantity of nitrogen dioxide (due to the 
employment of nitric acid in the preparation of sul- 
]>hurie aeid) is evolved. The mixture is allowed to 
stand for twentv-four hours, so as to let the undis- 
st>lveil resid\ie settle in the bottom of the vats. The 
su]>ernatant liquid is then siphoned otY, and the resi- 
lue washtHi, to be afterwards ti*eated with a fresh 
piantity ot boiling water. The eolUvttHi liquids si- 
i>honed from the se<liment, aiv allowtnl to eix^U and 
tivate<1 with a c^onsiderable excess of oomvntrateil 
hydi\H»Mone aeid, whereby an impun^ thaUium chlo- 
ride is preeipitateil, which s\il>sidi^ after standing. 
The Sidt obtained in this manner is theii thor\nighl\' 
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washed on a calico filter, and afterwards squeezed dry. 
Three tons of the dust yield sixty-eight pounds of this 
rough chloride, vvhich is further purified, by adding 
small portions of it at a time to half its weight of hot 
sulphuric acid, placed in a porcelain vessel, the mix- 
ture being constantly stirred, and the heating con- 
tinued until the whole of the hydrochloric acid and 
the greater portion of the excess of sulphuric acid are 
driven off. The fused acid sulphate is then dissolved 
in an excess of water, and an abundant current of 
hydrogen sulphide passed through the solution, to 
precipitate arsenic, antimony, bismuth, lead, mercury 
and silver, eventually present. The sulphides of these 
metals are separated from the liquid by filtration and 
the filtrate is boiled until all free sulphuric acid is 
removed, when it is rendei'ed alkaline by the addition 
of ammonia, and heated to boiling. The precipitate 
of iron oxides an 1 alumina, usually appearing at this 
stage of the process, is removed by filtering, and the 
clear solution evaporated to a small bulk. Sulphate 
of thallium then separates out on cooling in long 
striated crj^stals, resembling potassium sulphocyauate, 
the ammonium sulphate present being much more 
soluble in water than the thallium salt, and hence re- 
maining in solution. 

The metal is obtained from the solution of the sul- 
phate either by electrolysis or by the action of zinc. 
In the first case an electric current from two to three 
cells, having platinum terminals, is passed through an 
acidulated solution of thallium sulphate in its own 
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weight of water, when the metal is deposited on the 
negative pole in brilliant plates and long needle- 
shaped crystals, stretching out toward the positive 
pole, and presenting an appearance like that known 
as the tin tree. The reduction is complete when hy- 
drogen begins to escape at the negative pole. The 
crystalline metallic sponge may then be squeezed into 
a compact mass round the platinum terminal, well 
washed with water, removed from the platinum and 
kneaded by the fingers into a solid lump. 

For reducing considerable quantities of thallium it 
is best to employ metallic zinc. Plates of pure zinc, 
which should leave no residue whatever when dis- 
solved in sulphuric acid, are arranged vertically round 
the sides of a deep porcelain dish holding a gallon. 
Crystallized sulphate of thallium, in quantities of 
about seven pounds at a time, is then placed in the 
dish, and water poured over to cover the salt. Heat 
is applied and in the course of a few hours the whole 
of the thallium will be reduced to the state of a metal- 
lic sponge, which readily separates from the plates 
of zjnc on slight agitation. The liquid is poured off, 
the zinc removed and the spongy thallium washed 
several times. It is then strongly compressed between 
the fingers and preserved under water, until it is 
ready for fusion. In this manner upwards of a 
hundred weight of metallic thallium may be reduced 
in the course of twenty-four hours. 

Mineralogy. — Crookesite, thus named from the 
eminent English chemist and physicist Crookes, is a 
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selenide of copper and thallium, but is not known to 
occur in this country, its habitat being Sweden. 
Specimens of the mineral show no crystallization, are 
massive and compact, of hardness 2.5 to 3, specific 
gravity, 6.90, and have a metallic lustre and a lead 
gray color. The strongly green coloration of the 
llame, produced by crookesite, when heated before the 
blowpipe, is a decisive characteristic of the mineral 
as well as of all other thallium compounds. Its com- 
position is as follows: 

Selenium (Se) 32.27 

Thallium (Tl) 18.55 

Copper (Cu) 46.11 

Silver (Ag) 1.44 

Ferrous oxide (PeO) 0.63 



99.00 



This mineral is the only one, known so far, which 
may be coi'isidered as a real thallium ore. 

The element is, however, disseminated in small 
quantities through many ores, not considering its 
presence in certain mineral waters. Thus it occurs 
in limited amounts in sylvite, KCl; in carnallite, 
MgCL, KCI+6H2O, at Strassfurt, Germany, and also 
in some varieties of iron, copper, zinc and cadmium 
sulphides, in which it is present in combination with 
sulphur. Furthermore it is sometimes found in mica 
and lop idol ite, and in calamine, metallic zinc and 
cadmium, in bismuth, mercury and antimony ores, in 
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selenides and tellurides, and in crude or native 
sulphur. 

Detection. — When thallium compounds are 
treated on charcoal before the blowpipe, they vapor- 
ize, and impart an intense green color to the flame. 
Hydrogen sulphide produces no precipitate in acid 
solutions of thallous sulphate or nitrate, and throws 
down only a part of the thallium from neutral solu- 
tions of this kind. Thallous solutions, obtained 'by 
means of ecetic or carbonic acid are, however, dif- 
ferently affected by this reagent, since all the thal- 
lium present is precipitated under these conditions 
in the form of the deep brown sulphide. Hydro- 
chloric acid precipitates from such solutions the dif- 
ficultly soluble white chlorite, resembling the corre- 
sponding silver salt, while potassium iodide throws 
down an insoluble yellow amorphous thallium iodide. 

Thallic salts are readily distinguished from thal- 
lous salts by their behavior with caustic and carbon- 
ated alkalies, which precipitate brown gelatinous 
thallic hydrate, TIO OH, insoluble in excess, and 
furthermore by their deportment toward hydrochloric 
acid, with which they produce no precipitate. 

Qualitative Determination. — Hydrogen sul- 
phide does not precipitate strongly acidified thallous 
solutions unless arsenic trioxide, AsoOg, be present, 
when a part of the thallium is carried down with the 
arsenious sulphide formed as a brownish-red precipi- 
tate. 

Ammonium sulphide precipitates the whole of the 
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jthallium as thallous sulphide, insoluble in ammonia, 
alkaline sulphides, or potassium cyanide. It is read- 
ily soluble, however, in dilute hydrochloric, sulphuric, 
or nitric acids, but difficultly soluble in acetic acid. 
When exposed to air, thallous sulphide is rapidly con- 
verted into thallous sulphate. On heating it fuses 
and volatilizes. 

Caustic potash, soda, or ammonia does not preci- 
pitate aqueous solutions of thallous salts. 

Caibonated alkalies produce a precipitate only 
from concentrated solutions, thallium carbonate 
(TI0C03), being soluble in twenty parts of water. 

Hydrochloric acid or soluble chlorides and bro- 
mides throw down white thallous chloride, TlCl, or the 
bromide, TlBr; the precipitate subsides readily, and 
is unalterable in the air. It is very slightly soluble 
in boiling water, and still less so in hydrochloric acid. 

Potassium iodide precipitates even from the most 
dilute thallous solutions light yellow thallous iodide, 
TI, which is almost entirely insoluble in water, but 
somewhat more soluble in a solution of potassium 
iodide. This behavior constitutes the most delicate 
reaction for thallous salts. 

Potassium bichromate precipitates thallous chro- 
mate, CrO^^TlOa, insoluble in cold nitric or sulphuric 
acids. 

Platinic chloride precipitates difficultly soluble, 
pale orange-colored thallous platinic chloride, of the 
formula 2TlCl.PtCl4. Zinc precipitates metallic thal- 
lium. 
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Quantitative Estimation. — Weigh off five grams 
of the flue dust and treat them according to the direc- 
tions given under ** chemistry and commercial 
points," so as to produce a solution of thallium sul- 
phate. Add to the heated liquid an alkaline sulphite 
solution in order to reduce any thallic salt, eventually 
present, to the thallous state, and mix a few drops of 
ammonia with the liquid. Stir and introduce a dilute 
solution of potassium iodide into the mixture, when 
the thallium present will be immediately thrown down 
as a light yellow precipitate of thallous iodide. Til. 
Allow to stand for about two hours, collect the pre- 
cipitate on a weighed filter, wash with dilute alcohol, 
in which the iodide is insoluble, dry at 115° C, and 
weigh. The precipitate contains 49.40 per cent, of 
thallium. Avoid excess of potassium iodide, since 
thallous iodide is somewhat soluble in a solution of 
that sail. 



CHAPTER IV. 



TANTALUM. 



History — Among the historical data referring to 
the discovery of niobium the name of the Swedish 
chemist Ekeberg was given, as he was instrumental 
in establishing the identity of the element tantalum. 
He discovered the metal when examining two until 
then (1802) unknown minerals, one of which was 
found at Kimito, Finland, and the other at Ytterby, 
Sweden. He named these minerals tantalite and 
>"ttrotantalite respectively, and the metal contained ii^ 
them •* tantalum," in allusion to the ** tantalizing" 
difficulties encountered by him in obtaining a solution 
of the minerals in acids. This circumstance was con- 
sidered at that time as a very unusual occurrence. 
When giving this name to the new metal he had refer- 
ence to the mythical Phrygian king, Tantalus, of 
Greek mythology, whose daughter Niobe was pre- 
viously mentioned in connection with the appellatio» 
of the metal niobium. According to the conceptions 
of the ancients, this king underwent in the nether 
world an excruciating punishment, having provoked 
the wrath of Jupiter, by being placed up to his chin 
in a lake, the waters of which receded whenever he 
tried to partake of them, while alluring fruit, hanging 
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within reach, was lifted by an unseen hand the 
moment he ventured to grasp it. To increase his 
anguish, a huge rock was hung suspended above his 
head and threatened to fall and crush him without 
warning. 

Chemistry and Commercial Points. — The rare 
metal tantalum, of atomic weight 182, and specific 
gravity 10.78, has an iron-gray lustre when burnished, 
and is a good conductor of electricity. It burns to 
tantalum pentoxide, Ta^O-., when heated long enough 
in the air to oxidize thoroughly. The metal is in- 
soluble in the mineral acids, including aqua regia, 
and dissolves slowly in heated hydrofluoric acid. The 
chemical works in Germany, and Messrs Eimer and 
Amend of New York, furnish the metal at $9.50 
per gram. It is usually prepared by fusing in an 
iron crucible three parts of sodium fluotantalate of 
the formula Na2TaF-4 HoO with one part of metallic 
sodium, the mixture being covered with a protective 
layer of potassium chloride. The ensuing reaction is 
very violent, and proceeds under the apparition of 
fjre and tiie development of great heat, after which 
the mass is allowed to cool. The metal obtained in 

this manner is of granular form, and is freed from 
the adhering sodium salts by washing with water. 
M1NERA1.OGY. — The mineral tantalite, which de- 
serves first consideration under this caption, is a 
tantalate of iron and manganese of the generic form- 
ula FeMnTaoOe, and is often accompanied by small 
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percentages of cupric oxide and lime, as becomes ap- 
parent from the following analytical data: 

Tanatalum pentoxide 84.15 

Stannic oxide 0.32 

Ferrous oxide 14.68 

Mangandus oxide 0.90 

Lime 0.07 

Cupric oxide 1.81 



101.93 
Specific gravity 7.197 

The habitat of the mineral is Finland, Sweden, 
France anc the United States, the towns of Brodd-* 
bo and Finbo, near Fahlun, in Sweden, and Chante- 
ioub, near Limoges, in France, being localities where 
the occurrence of tantalite was first observed. It has 
since been found, however, in several states of the 
Union, among them Dakota, Alabama, North Caro- 
lina, Connecticut (at Haddam), and in Massa- 
chusetts, in which latter state it occurs usually 
together with columbite. Furthermore the minerals 
eassiterite, pitchblende and wolframite' are known 
to carry appreciable quantities of the pentoxide in 
cases. 

A tantalite from Coasa county, Alabama, which 
occurs there in form of peas, disseminated through 
decomposed granite, analyzed as follows: 
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Ta.O, 79.55 

W63 1.10 

ZnO 0.87 

MnO 3J2 

PeO 13.51 

CaO 0.89 

99.64 
Specific gravity 7.305 to 7.401 

The occurrence of tantalum in association with 
niobiuH) has been mentioned in the chapter treating 
on that metal. 

The color of the mineral tantalite varies from cin- 
immon brown to black brown and iron black, while 
its lustre is imperfect — metallic. Specimens are as a 
rule opaque and have a hardness lying between 6.0 
and 6.5, and a specific gravity varying between 7 and 
8. The mineral occurs in the crystallized and mas- 
sive form, sometimes imbedded in granite, when it 
forms fragments of rounded or irregular shape. 

Yttrotantalite, represented, when pure, by the 
formula SYO.TaoO;,, and loranskite, a new mineral 
lately discovered at Imbilax, Finland, are of special 
interest and importance, since the latter approaches 
the historical mineral somewhat in composition, while 
it differs from it by its contents in zirconium. It has 
been only partially analyzed. 
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Loransk- 
Yttrotantalite. ite. 

TaoO, 57.27 per cent. 49.00 

WO.j 1.85 per cent. 

SnO . 0.10 per cent. 

Y,0.[ 18.64 per cent. 13.00 (CeoO, and Y0O3) 

ITO._, 5.10 per cent. 

CaO 4.78 per cent. 

]\lp:0 0.75 per cent. 

FeO 4.82 per cent. 20.00 (ZrOo) 

CuO 0.69 per cent. 

11,0 . 6.00 per cent. 

100.00 per cent. 82.00 

Yttrotantalite occurs in varieties verging in color 
irom yellow to brown and black, the first and last 
being opaque, while the brown mineral is slightly 
translucent, when split in thin plates. Their hardness 
varies from 4.5 to 5.5, and their specific gravity from 
5.395 to 5 882. The yellow and brown varieties show 
a -white streak, the black, however, a gray one. The 
yellow mineral possesses a resinous luster on the sur- 
face, which becomes vitreous by fracture. On the 
other hand the luster of the brown variety is vitreous, 
inclining to resinous, and that of the black mineral 
submetallic. The several varieties of yttrotantalite 
are not acted upon by acids, and give off, when heated, 
appreciable amounts of water (from four to six per 
cent.) ; are infusible before the blowpipe, but decrepi- 
tate and assume then usually a lighter color. They 
dissolve in the borax bead. 
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The new mineral loranskite is described as being 
brittle, of conchoidal fracture and strong submetallic 
Juster, and as having a hardness of 5 with specific 
gravity of 4.6. The specimens examined were trans- 
lucent on the edges, and showed a greenish gray 
streak. 

Detection. — In contradistinction to niobium pen- 
toxide, the analagous compound of tantalum does not 
produce a red bead on the addition of ferrous salt, 
when heated with microcosmic salt before the blow- 
pipe. Hydrochloric and sulphuric acids precipitate 
i'rom solutions of alkaline tantalates white tantalic 
acid, which dissolves in excess of the former, but is 
insoluble in an excess of the latter. Carbon dioxide, 
when conducted through the solution of an alkaline 
tantalate, throws down all the tantalic acid present in 
the form of an acid salt. Ammonium chloride causes 
the complete precipitation of the acid in form of the 
acid tantalate of ammonium, while potassium ferro- 
cyanide produces a yellow precipitate; ferricyanide, 
a Avhite; and infusion of galls a light yellow precipi- 
tate, soluble in alkalies. 

Qtj.^litative Determination. — Hydrochloric acid 
precipitates tantalum pentoxide, TaoOr,, at first, then 
redissoh^es it in excess. 

Carbon dioxide, passed through a solution of an 
alkaline tantalate, precipitates acid or anhydrous 
tantalate. 

Ammonium sulphide precipitates from a hydro- 
chloric acid solution tantalic hydrate, TaO.. Oil, or a?i 
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acid ammonium tantalate. Tartaric acid prevents the 
precipitation. 

Ammonium chloride or sulphate precipitates tan- 
talic hydrate. 

Potassium ferrocyanide gives, when added to acidi- 
fied solutions, a yellowish- white precipitate, which 
turns brown on the addition of a few drops of am- 
monia^ and is soluble in larger quantities. 

Potassium ferricyanide produces a yellow preci- 
pitate. 

Infusion of galls, added to the solution of an 
alkaline tantalate, acidified by sulphuric or hydro- 
chloric acid, forms a light yellow precipitate, soluble 
in alkalies. 

Metallic zinc and hydrochloric acid do not reduce 
tantalum pentoxide, and no blue coloration (or only 
a very faint one) is observed. 

Quantitative Determination. — Proceed as under 
jiiobium, including the treatment with ammonium 
sulphide, and remove the silicic and niobic acids, 
sometimes present, by dissolving the impure tantalic 
acid in a platinum dish by means of dilute hydro- 
fluoric acid, filter, mix the contents of the filter with 
sulphuric acid, and evaporate to dryness. Ignite the 
residue and continue the glowing of the latter until 
its weight becomes constant. This operation will re- 
move the silica. To effect the elimination of the 
niobic acid, dissolve the remaining mass in hydro- 
fluoric acid, and add a boiling solution of acid potas- 
sium fluoride, so as to convert the tantalum into 
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potassium fluotantalate, and the niobium into potas- 
sium fluoxyniobate. Evaporate on the water bath, 
when the former salt will gradually separate out on 
cooling; filter, wash the precipitate with water, till 
infusion of galls produces no longer an orange-colored 
coloration in a drop of the filtrate (which contains 
all the niobic acid), decompose the potassium fluotan- 
talate by heating with sulphuric acid, boil the mass 
when dry with water to remove the potassium sul- 
phate formed, filter and wash, and ignite the remain- 
ing tantalum sulphate strongly to decompose it. 
After cooling, weigh the tantalum pentoxide, TaoOg, 
thus formed, which contains 81.98 per cent, of the 
metal, and calculate results. 

In case other natural tantalates, like samarskite 
and euxenite, occurring in North Carolina, are to be 
analyzed, recourse may be had to the following pro- 
cedure: Five grams of the ^^ finely powdered'' min- 
eral are moistened in a platinum capsule Avith five 
c.c. of water, and then treated with ten c.c. of fum- 
ing commercial hydrochloric acid, which takes im- 
medate effect upon the mineral in the cold, decom- 
l^osing it in about ten minutes. The mixture is then 
heated on the water bath, until the excess of acid is 
expelled, when thirty to forty grams of water are 
added, and the mixture is filtered. The residue is 
thoroughly washt^d under the addition of one or two 
drops of hydrofluoric acid. The filtrate thus result- 
ing contains all th3 metallic acids present, besides iron 
and manganese, and the residue remaining on the 
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filter all the earths, as yttrium, cerium, thorium and 
uranium oxides. The separation of the several acids 
may then be accomplished according to the directions 
given above. 



CHAPTER V. 



MOLYBDENUM. 



HiSTORr. — It appears that the name ** molyb- 
denum'' was derived from the ancient term molyb- 
daena^ which was applied by the Greeks and Romans 
to galena and other lead compounds. Until the mid- 
dle of the eighteenth century molybdenite was con- 
sidered as identical with graphite, then generally 
known as jjlumbago, or black lead, when the Swedish 
chemist Scheele showed in 1778 that it yielded a 
'* white earth'' on being oxidized with nitric acid, and 
that graphite did not produce such a body. His sub- 
sequent researches led to the correct idea, that the 
mineral was to be considered as a native sulphide. In 
1782 IJjelm, a chemist of the same school, succeeded 
in isolating the metal by employing the trioxide for 
its production. He exposed the latter for that pur- 
pose to a full white heat in a crucible lined with 
charcoal, thus effecting its reduction to the metallic 
powder form, without, however, accomplishing the 
fusion of the latter into a metallic button, no means 
being known at that time for producing the degree 
of heat required to that end. Moissan, the prominent 
French chemist, was the first to reach this point in 
a satisfactory manner in 1893 by applying the heat 
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cif an electric furnace to a mixture of the dioxide and 
carbon, as described above. 

Chemistry and Commercial Points. — :Metallic 
molybdenum is a silver-white metal of atomic weight 
95.9 and specific gravity of 8.6, and may be bought 
from the New' York dealer in quantities of ten grams 
for one dollar. In the air it remains unchanged, and 
only combines with oxygen when heated to low red- 
ness. Hydrochloric or dilute sulphuric acid has no 
action on it, but aqua regia dissolves it readily. 

In 1900 the production of metallic molybdenum in 
the United States amounted to 32,000 pounds, and 
that of ferromolybdenum to 11,000 pounds, which 
were valued at the place of production at $46,080 
and $12,000 respectively. These products were 
obtained from ores which carried on the average fifty 
per cent of the metal and were sold at $240 per 
long ton. 

In molybdenum we have a metal which forms one 
of the most remarkable compounds with steel, and 
this statement holds good still more extensively for 
an alloy ot molybdenum and nickel, when added to 
the former. The high fusing point of the metal 
(about 2,000° C.) has rendered the manufacture of 
molybdenum steel rather difficult, while the original 
procedure of applying it in the form of powder has 
led to repeated disappointments, since the finely sub- 
divided metal oxidizes readily, when added to the 
fused steel. In fact it has been impossible in many 
cases to show the presence of the metal in the fus(»d 
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alloy, when thus prepared, by chemical analysis, so 
that the utilization of metallic molybdenum powders 
has been limited accordingly. On the market we find, 
nevertheless, powders of this kind containing from 
ninety to ninety-six per cent, of the metal, and the 
fused metal itself of ninety- four to ninety-eight per 
cent., both being yet used by certain manufacturers, 
Ferro-molybdemun is, however, largely preferred by 
the majority, and should be manufactured by adding 
the required percentage of molten metallic iron to 
fused and pure metallic molybdenum. Steel makers 
employ as a ' rule a f erro-molybdeuTun carrying fifty, 
seventy, seventy-five or eighty-five per cent, of the 
latter metal. 

A fused molybdeninn-nickel alloy has, however, 
been introduced lately, whic»h is claimed to be superior 
to any other article of that kind in the market. This 
alloy contains, according to approximate analysis, 
sevent3^-five per cent, molybdenum with twenty-five 
per cent, nickel, or fifty per cent, molybdenum with 
fifty ])or cent, nickel, and outside of these two metals: 

Iron 2.0 to 2.5 per cent. 

Carbon 1.0 to 1.5 per cent. 

Silicon 0.25 to 0.5 per cent. 

When added in this form to molten steel, the 
nickel in the mass acts as a vehicle, and renders the 
alloy readily fusible, while the finished product shoAVS 
!i considerably improved elongation. The latter prop- 
erty has been increased in special cases from four to 
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forty-five per cent, by applying the alloy, containing 
seventy-five per cent, of molybdenum and twenty-five 
per cent, nickel, which was added to the steel in such 
proportion as to obtain a final product carrying 0.25 
per cent, molybdenum. An improved steel of this 
kind answers verv well for the manufacture of all 
classes of forcings, as large cranks, propeller shafts, 
heavy puns, rifie barrels and plates for high pressure 
boilers, and especially for the construction of boilers 
for torpedo boats, where the maximum strength is 
required. It also finds application in the manufac- 
ture of shells, since an exceedingly hard and tough 
armor-piercing steel can be made from this alloy, 
while Hs increase in elongation renders it an excel- 
lent material for wire-drawing, for which purpose it 
answers better than any other alloy. It has also been 
found as a result of repeated trials that a molyb- 
denum nickel steel of this composition is as hard as 
tungsten steel, but much less brittle, and that it will 
fstand shocks in the lathe much better. Since tools 
made from such steel do not require grinding as often 
as thoso prepared from tungsten steel, the alloy nuist 
necessarily be of considerable value for makers of 
self -hardening tool steel. 

In order to prepare molybdenum compounds or 
the metal itself from molybdenite, MoS., the mineral 
is powdered and placed in an open inclined crucible, 
which ]s heated to low redness in a charcoal fiiv, the 
mass being frequently stirred to facilitate the forma- 
tion and escape of the sulphur dioxide formed. When 
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these fumes cease to appear, the crucible is removed 
from the fire and allowed to cool, the remaining yel- 
low powder being crude molybdic trioxide, MoOg. The 
latter is then placed in a porcelain dish and covered 
with aqueous ammonia, which removes the trioxide 
in form of the ammonium salt and leaves the impuri- 
ties behind. A further quantity of ammonium 
molybdate may generally be obtained from the resi- 
due by repeating the roasting process and the sub- 
sequent lixivation. On evaporating the solution thus 
resulting, the ammonium molybdate crystallizes out, 
and may be obtained as such, or the liquid is care- 
fully neutralized with hydrochloric or nitric acid, so 
as to precipitate molybdic acid, which separates out as 
c\ white powder, scarcely soluble in water, but readily 
soluble in ^arge excess of acid. 

To produce metallic molybdenum from the am- 
monium molybdate, prepared in this manner, the lat- 
ter is ignited, whereby the dioxide, MoOo is produced, 
which, when intimately mixed in the proportion of 
ten parts of oxide to one part of carbon, and sub- 
jected to the heat of an electric furnace, gives rise 
to the formation of a very pure metallic molybdenum. 
The mixture is allowed to be acted upon by the arc, 
produced hy a current of 800 amperes and sixty 
volts, for only six minutes, so as to prevent the com- 
plete fusion of the sintered molybdenum, since, on 
continued action of the heat, the latter will unite with 
the carbon of the crucible in which the operation is 
performed. The metal obtained in this manner has 
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a specific gravity of 9.01, is malleable as iron, can be 
forged and welded when hot, filed and polished with 
ease and takes up carbon by cementation. 

Ammonium molybdate finds also application as a 
chemical reagent for the detection and estimation of 
phosphorus, since it forms a yellow double salt, known 
as ammonium-phosphomolybdate, in the presence of 
phosphoric acid. On the other hand sodium molyb- 
date is employed for the decoration of crockery, as it 
produces stable and brilliant blue colors in the kiln 
fire. It furthermore serves for the dyeing of woplens 
and silks, the tints produced in this manner being 
reputed to be very attractive and durable. 

Mineralogy. — The most prominent molybdenum 
ore ocourii'.g in commercial quantities in Gunnison 
and Routt counties, Colorado, in New Mexico, Ari- 
zona, Washington and the eastern states Maine, New 
Hampshire, Vermont, Massachusetts, Pennsylvania, 
New York and Virginia is molybdenite, a sulphide of 
molybdenum, of the formula MoSo. It resembles 
graphite in appearance, but is readily distinguished 
from it by the bluish-gray mark which it produces 
when drawn over paper, while graphite leaves a 
darker black imprint under these conditions. The 
difference between the two marks becomes strikingly 
evident when the two lines, made on paper by molyb- 
denite and graphite, are drawn closely together., 
When passed over porcelain the streak produced by 
molybdenum appears olive green, and that of graphite 
gray. A further distinguishing test between the two 
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minerals consists in covering a particle of each with 
nitric acid in test tubes, when, on heating, molyb- 
denite will oxidize with the formation of the white 
or grayish molybdenum trioxide, M0O3, while graph- 
ite remains unaffected. Before the blowpipe the min- 
eral gives off vapors of sulphur dioxide, readily recog- 
nizable by their penetrating smell, while graphite 
burns under these conditions to carbon dioxide, which 
is odorless. 

Molybdenite is very soft, hence stands low in the 
scale, its hardness varying between 1 and 1.5, and 
its specific gravity between 4.45 and 4.8. It occurs 
in granitic formations, quartz (British Columbia), 
mica and limestone, and is either disseminated 
through these rocks or forms separate veins or layers 
of foliated structure. Like graphite it is used as a 
lubricant for heavy work under high pressure, and 
is decioedly preferred to that mineral by manufac- 
turers ^ind engineers on account of its staying power. 
It changes by oxidation into the yellow oxide, MoO;^, 
also known as molybdic ochre, molybdine or molyb- 
dite, and occurs as such in considerable quantities 
near Telluride, Colorado. Characteristic specimens 
showing the transition of the sulphide into the oxide 
are frequently found, the oxygen of the atmosphere 
causing this gradual change. 

Another molybdenum ore, known as wulfenite, a 
molybdate of lead, corresponding, when pure, to the 
formula PbMo04, deserves mention for the reason 
that it represents a naturally occurring metallic salt 
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of mol^bdic acid. It occurs in well defined crystals 
of tetragonal, octahedral or tabular form, also in mas- 
sive condition, and has a hardness lying between 2.57 
and 3, and a specific gravity of 6.3 to 6.9. Its luster 
IS resinous and its color varies from wax-yellow into 
orange, olive green, yelknvish gray, grayish white and 
brown. The streak of the mineral is white, and its 
fracture subconchoidal. It is brittle, subtransparent, 
and assumes a darker color whefi heated, which dis- 
appears, however, on cooling. If the heating is con- 
tinued the mineral fuses to a yellow mass, and leaves, 
when heated on charcoal before the blowpipe, globules 
of lead and a sublimate of molvbdic oxide and tri- 
oxide. Hot nitric and hydrochloric acids, and also 
caustic potash, dissolve it. The mineral is found in 
small quantities at the Southampton lead mine in 
Massachusetts, in orange crystals at Wheatley's lead 
. mine near Phoenixville, in the same state, and in 
Nevada, Arizona and New ]\Iexico, but is not known 
to occur in commercial amounts. 

Since molybdenite and molybdite occur in large 
deposits, which allow of commercial treatment in 
quantity, they can hardly bo classed with the rare 
minerals, nor the metals contained in them with the 
rare metals. It seems, therefore, that of the metals 
mentioned so far in the preceding lines only niobium, 
thallium and tantalum can be justly arranged under 
that caption. 

Detection. — A ready and reliable method of de- 
tecting molybdenum consists in pulverizing a sample 
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of the ore to be tested to a fine powder, placing it in 
the lid of V platinum crucible, resting on a triangle, 
adding a few drops of concentrated sulphuric acid, 
and stirring the mass. When heating this mixture 
until copioas white fumes of the acid are evolved; 
cooling and breathing repeatedly on it, a beautiful 
blue hydrous sulphate appears, which is readily dis- 
tinguished. This coloration disappears on heating 
the lid, but returns on cooling and vanishes again on 
adding a sufficient quantity of water. 

QtJAijTATiVE Determination. — ^Nitric or hydro- 
<*hloric acid precipitates white molybdic acid, HoMoO^, 
from a concentrated solution of a raolybdate, soluble, 
however, in a large excess of the acid. 

Hydrogen sulphide gradually precipitates from 
acidulated solutions brownish-black molybdic trisul- 
phide, MoS.i, soluble in alkaline sulphides or sulpho- 
fialts, which solutions are decomposed again by acids 
with precipitation of M0S3, especially on the appli- 
cation of heat. On the addition of a little HoS only, 
the moiybdate solution acquires at first a blue tint; 
added in larger quantities it produces a precipitate, 
and th(^ supernatant fluid appears green till on the 
addition of excess of ILS the whole of the metal sep- 
arates, though slowly, as trisulphide. 

Ammonium sulphide gives a similar precipitate, 
soluble in excess. 

Reducing agents, such as stannous chloride, mer- 
curous nitrate, zinc and hydrochloric acid, produce 
changes, marked chiefly by alterations in color. 
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The principal and most characteristic reaction for 
molybdic anhydride consists, however, in precipitat- 
mg it in a nitric acid solution, as yellow phospho- 
molybdate, or arsenio-molybdate, by the addition of a 
mere trace of soluble phosphate or arsenate. 

Quantitative EstiMxVTIOn. — Dissolve one or two 
grams of the molybdenum mineral to be analyzed in 
nitric acid and neutralize the solution thus obtained 
with excess of ammonia. Bring to a boil and filter. 
Make the filtrate slightly acid with hydrochloric acid, 
bring to a boil and add barium chloride to remove 
any sulphuric acid that may have been formed by 
the oxidation of the original sulphides. Filter off the 
barium sulphate. Now render the solution ammonia- 
cal, bring to a boil and add a clear solution of lead 
acetate in slight excess. Boil for five minutes to ren- 
der the precipitate granular and allow to settle. Fil- 
ter, wash with hot water and dry at 100° C. Separ- 
ate the precipitation from the filter, which is ignited. 
Add the precipitate and heat to redness ; allow to cool 
r:nd weigh. The residue contains 26.14 per cent, 
molybdenum. 

In order to analyze an alloy of molybdenum, weigh 
off one gram of the substance, dissolve in 50 c.c. of 
aqua regia on the water bath, add hydrochloric acid 
as soon as complete solution has been effected, and 
evaporate to dryness. Treat the residue with dilute 
alcohoi (fifty per cent.) and filter, when the greater 
part of the insoluble molybdic acid will remain on 
the tared filter. Evaporate the filtrate in the same 
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inauner as before, repeat the treatment with alcohol, 
and pass the solution eontaininfj an eventual precipi- 
tate through the filter used before. Dry at 100° C. 
and weigh The filtrate obtained in this manner 
serves for the determination of other metals present 
in the alloy. 



CHAPTER VI. 



TELLURIUM. 



IIisroRV. — In 1782 ^lueller von Reichenstein, a 
(lerman scientist, tliought he recognized a peculiar 
metal in some specimens of gold ore occurring in 
Transylvania ( Siebenbuergen ) , a province of Aus- 
tria. Being doubtful about his discovery he sent 
some cf the ore to the chemist Bergmann, who in- 
formed liim that the unknown metallic body con- 
tained in it was different from stibnite (antimony 
sulphiae), Mueller having intimated that it might 
eventually be identical with that mineral. As anti- 
mony occurs frequently in the European ores of this 
character, and tellurium resembles it in general ap- 
pearance, the assumption was plausible. Not being 
able to obtain any positive result from Bergmann, 
the discoverer sent in 1798 samples of the ore to the 
prominent chemist and analyst, Klaproth, who con- 
firmed the observations of Mueller, and called the new 
element tellurium from the Latin '*tellus," meaning 
the earth. In 1832 the investigations of Klaproth 
were continued bv the Swedish chemist Berzelius, 
who contributed largely to the knowledge of the com- 
pounds formed by the metal. 

Chemistry and Commercial Points. — Tellurium 
is a brittle, silver-white metal of atomic weight 125, 
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melting point 452^ — 455° C, and specific gravity 
f).25, resembling sulphur in its degree of volatility 
and oxidation products, and partaking with the lat- 
ter of the capability to impart very undesirable prop- 
erties to most metals, when combined with them in 
Mny proportion. Thus the deleterious effect of tel- 
lurium upon copper, even when present in minute 
quantities, is very well known, and in combination 
with gold in the form of tellurides, it causes the 
I)reciour metal to volatilize with its own vapor, if 
the ores are exposed to the heat of the assayer's 
furnace, so that special precautions are to be observed 
when testing them. On roasting these tellurides, the 
golden buttons, resulting usually after the evapora- 
tion of the tellurium contents of the ore are occa- 
sionally^ covered with a lead-gray coating, which is 
due to the formation of tellurous acid, and its subse- 
quent combination with the ferric iron present. If 
tellurium or its compounds are introduced into the 
human system, they render the breath fetid by pro- 
ducing a strong garlic odor under the effect of the 
gastric juice. Tellurium appears, therefore, to rep- 
resent the ** black sheep '^ in the family of metals, 
and has in consequence not found any commercial 
employment as yet, though its electrical conductivity 
and resistance, which latter is very great, may lead 
to its application in that line in the future. 

To produce metallic tellurium about 300 pounds 
of ore containing three per cent, tellurium is mixed 
in a cast iron pot with about 700 pounds sulphuric 



TELLURIUM. 59 

acid Of 66° Beaume, and boiled for six hours. The 
next day the mixture is transferred to a lead lined 
rank and treated with about sixty-five gallons of hot 
water, when about forty pounds of commercial 
hydrochloric acid is mixed in during the next six 
hours. The following day the mass is filter pressed, 
and the solution containing tellurium passed into a 
lead lined wooden tank clamped up air tight, when 
it is digested with sulphurous acid for two or three 
days — whereby the tellurium in solution is precipi- 
tated in the metallic form — or until no precipitate is 
obtained on testing with sodium sulphite, which pro- 
duces the same effect. The reactions taking place are 
as follows: 

TeCl,+SO,+2H20=Te+2IICl+H2SO,. 
TeClo+Na2S03+H20=Te+2HCl+Na2S04. 

The Royal Hungarian Smelting Works of Schem- 
nitz produces tellurium on a large scale, and puts it 
on the market in the crude and refined state, and in 
various forms at the following prices per kilogram 
(2.2 pounds avoirdupois) of actual tellurium, cash at 
Schemnitz ; t;rude tellurium up to thirty per cent, of 
the element, 60 florins, or $21.60 ; thirty to sixty per 
cent, tellurium, 70 florins, or $25.20; sixty to eighty 
per cent, tellurium, 90 florins, or $32.40; eighty to 
ninety-five per cent, tellurium, 100 florins, or $36. 
Fused tellurium of ninety-four to ninety-seven per 
cent tellurium is worth 200 florins, or $72 per kilo- 
gram, and can be bought in sticks or granulated. Spe- 
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cial turned tellurium sticks of different lengths, diam- 
eters end weight, suitable for scientific collections, 
can be obtained for 22 kreuzers, or 13 cents per gram. 

The purification of crude tellurium is effected by 
conducting sulphur dioxide into a hydrochloric acid 
solution of tellurium dioxide, when a part of the tel- 
lurium is precipitated. On highly diluting this solu- 
tion the remainder separates out completely. By 
fractionally precipitating the solution with sulphur 
dioxid'^, the tellurium can be obtained perfectly free 
from other elements. 

To remove any sulphur or selenium eventually 
present the tellurium is heated in a current of hydro- 
gen. 

Mineralogy. — Tellurium occurs native in the min- 
eral kingdom, but more commonly in combination 
with gold, silver, lead and bismuth. Crystals of the 
native element have been found in Colorado, contain- 
ing ninety-eight per cent of tellurium, with traces 
of gold, silver, copper and other metals, as shown by 
the following analytical data: 

Per cent. Per cent. 

Te 93.64 97.94 

Au 2.18 1.04 

Ag 1.15 0.20 

Hg 1.34 None 

Cu 0.34 None 

Pb 1.02 None 

Fe 0.18 0.89 

Al^OgMgO K2O 0.06 None 

Total 100.00 100.07 
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Native tellurium has been found in the Keystone, 
Mountain Lion and Dunraven mines, Magnolia dis- 
trict ; in the Smuggler mine, Ballarat district, and in 
the John Jay mine, Central district, all of them being 
situated in Boulder county, Colorado. 

Among the naturally occurring tellurides the most 
prominent are sylvanite, calaverite, petzite, hessitQ 
and tetradymite. They were first found in Hungary 
and Transylvania, but later in larger quantities in the 
United States. Thus the state of Colorado is very rich 
in gold-silver tellurides, Boulder county and Cripple 
Creek, Teller county, being celebrated for the occur- 
rence 01 such ores, while tellurous ores are found in 
considerable quantities in the Black Hills of South 
Dakota, and also in Montana and California. 

Sylvanite or ** graphic tellurium" — ^thus called on 
account of the triangular and rhombic figures resem- 
bling oriental characters, which mark the surface of 
the mineral — is a telluride of gold and silver, fre- 
quently associated with lead and antimony, of a pure 
steel-gray to silver-white or sometimes almost brass- 
yellow color. Its hardness varies between 1.5 and 2, 
and its specific gravity between 7.99 and 8.33. It 
occurs mostly disseminated and semi-crystalline, is 
very sectile, has an uneven fracture, and melts easily 
before the blowpipe, coloring the flame greenisk-blue 
and covering the charcoal with a white coating of tel- 
lurous oxide. When heated further it finally leaves a 
ductile metallic globule. 

The analytical results given below show the differ- 
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ence in constitution of foreign and domestic sylvan- 
ites, the former carrying antimony percentages vary^ 
ing from 0.58 to 8.54, and the latter being absolutely 
free from that element. This circumstance contrib- 
utes also to explain the uncertainty of Mueller von 
Reichenstein as to the character of the then new ele- 
ment. 

Syi.vanites from Transylvania. 

Te 59.97 44.54 

8b ; 0.58 8.54 

An 26.97 25.31 

Ag 11.47 10.40 

Pb 0.25 11.21 

Cn 0.76 None 

Total 100.00 100.00 

Sylvanite from Colorado. 

Te 58.91 52.96 

Sb None S 5.62 (Sulphur) 

Au 29.35 26.39 

Act 11.74 10.35 

Pb None Fe 4.45(Iron) 

(^u None None 

Total 100.00 99.77 

The occurrence of sylvanite was first observed in 
the Red Cloud mine at Gold Hill, Boulder county, 
Colorado, and later in the Grand View mine and 
other mines of that state. 

Th'3 analysis of calaverite, a mineral found in as- 
sociation with sylvanite in the Keystone and Red 
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("loud mines, led to the establishment of the following 
proportions : 

Te 57.93 

Au 39.01 

Act 3.06 

Total 100.00 

The mineral ealaverite was originally discovered 
HI the Stanislaus mine, Calaveras county, California, 
iind received its name accordingly. It occurs in mas- 
sive form, has a bronze-yellow color, a yellowish-gray, 
streak, uneven subconchoidal fracture, and is remark- 
able for its brittleness. On charcoal it burns with a 
bluish-green flame, and yields globules of very yellow 
gold. Its gold contents dissolve in aqua regia, the sil- 
ver remaining behind as silver chloride, AgCl. 

The minerals petzite and hessite, belonging to the 
tellurides of silver and gold, are auriferous silver com- 
pounds, or rather natural alloys of the two metals, 
the former occurring prevalently in the Red Cloud 
mine, Colorado, and in the Stanislaus and Golden 
Rule mines of California. Like sylvanite and eala- 
verite, petzite occurs mostly in massive form, shows 
a conchoidal fracture, metallic lustre, steel-gray to 
iron-black color and an iron-black streak. Its hard- 
ness equals the figure 2.51, and its specific gravity 
varies from 9 to 9 4. Its composition is represented 
as follows : 
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Te 31.64 to 34.16 

Ag 40.60 to 42.36 

Au 24.80 to 25.70 

Hessite, which contains little or no gold, and cor- 
responds to the formula AgaTe in general, is found in 
the Stanislaus mine, California, but always associated 
with native gold, quartz and altaite, a rare telluride 
of lead of the composition : 

Te 37.31 

Pb 60.71 

Ag 1.17 

Au 0.26 

Total 99.45 

The mineral hessite has a lead to steel-gray color, 
and occurs mostly massive and compact, but in cases 
fine grained and sometimes in granular form. Its 
hardness varies between 2 and 3.5, and its specific 
gravity between 8.3 and 8.6. It is sectile, of even 
fracture, and has a metallic lustre, its cleavage being 
indistinct. It analyzes as follows: 

Te 38.07 

Au 0.20 

Ag 60.19 

Cu 0.16 

Pb . . . '. 0.18 

Fe 1.20 

Zn Trace 

Total 100.00 
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Another telluride deserving mention is bismuth 
telluride or tetradymite, corresponding, when pure, 
to the formula BijTeg. It occurs in the Uncle Sam 
mine, Highland district, Montana, accompanied by 
siold and quartz; at the Red Cloud mine, Colorado; 
Montgomery mine, Arizona, and also in Virginia, 
North Carolina and Georgia. 

Furthermore tellurium is known to occur in arsen- 
ical iron pyrites, and is found besides in the selenifer- 
ous mud of the sulphuric acid chambers. 

Detect (ON of Tellurium in Tellurides : Place a 
small fragment of the material, supposed to contain 
tellurides, in a porcelain dish, and add a drop of con- 
centrated sulphuric acid. Heat gently and i^ tellur- 
ium is present a beautiful carmine color will appear 
instantaneously. This coloration is due to the forma- 
tion of tellurous oxide, which dissolves in the sul- 
phuric acid added, sulphur dioxide being evolved dur- 
ing the operation. On diluting the liquid with water 
the metal is reprecipitated as a gray powder. 

In case the tellurium is associated with other 
minerals usually accompanying gold-bearing ores, 
treat the fine pulp with concentrated nitric acid in a 
porcelain dish and heat until the material is perfectly 
oxidized. Then add concentrated sulphuric acid, and 
heat until copious fumes of the acid appear, cool, add 
hydrochloric acid and water in about equal propor- 
tions, filter and add an excess of a solution of stannous 
chloride! to the clear filtrate. In case tellurium is 
preseni the latter will be thrown down in the form 
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of a flocculent black precipitate of metallic tellurium. 

Detection of Tellurium in Bullion: On test- 
ing bullion for the presence of tellurium, the best 
method consists in boiling a finely pulverized sanjple, 
obtaine<^ by filing and sifting, with a concentrated so- 
lution of caustic potash or soda with the addition of 
powdered zinc, when the solution assumes the charac- 
teristic amethystine color, if tellurium is present. 

Tellurium is readily distinguished from selenium, 
which it closely resembles, by its behavior before the 
blo\\T:)ipe, since tellurium emits only a faintly acid 
odor when thus treated, while the presence of the 
^-^lightest trace of selenium produces a powerful odor 
resembling that of decayed horseradish. 

Qualitative Determination. — Telluric Com- 
pounds: Hydrochloric acid does not decompose tel- 
1 urates in the cold, but on boiling the solution chlorine 
is evolved, and on dilution with water tellurous acid, 
HoTeO;5, is precipitated, soluble only in a consider- 
able excess of hydrochloric acid. This behavior dis- 
tinguishes tellurium trioxide from the dioxide. 

Tellurous Compounds: Hydrochloric acid decom- 
poses solutions of this kind and precipitates white tel- 
lurous acid. Tellurium resembles in this respect an- 
timony ami bismuth compounds. 

Hydrogen sulphide precipitates from acid solu- 
tions brown tellurous sulphide, TeS^„ resembling in 
color stannous sulphide, SnS, and very freely solu- 
ble in ammonium sulphide. 

Reducing agents as NaoSO^, SnClo, metallic zinc 
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and hydrochloric acid, and a solution of sulphurous 
acid, reduce tellurium compounds and precipitate 
black metallic tellurium, which is insoluble in an 
aqueous solution of potassium cyanide. 

Quantitative Estimation. — Dissolve one gram of 
the tellurium ore in hydrochloric acid, and if this 
should not be feasible, in nitric acid, which latter 
reagent must, however, be removed by the subsequent 
addition of hydrochloric acid and heating, since the 
presencf of nitric acid causes the reoxidation of a part 
of the precipitated metallic tellurium obtained ii;i the 
course of the process. Filter, concentrate by evapor- 
ation ^nd add to the heated (not boiling) liquid grad- 
ually on alkaline solution of sodium sulphite, or con- 
duct sulphur dioxide through it when cold. Collect 
the black-gray metallic tellurium thus precipitated 
on a tared filter, and dilute the filtrate strongly with 
water. Bring any tellurium separating out on pro- 
longed standing on the filter used before, wash, dry 
the latter w^th its contents at a gentle heat and weigh. 



CHAPTER VII. 



PLATINUM AND THE PLATINUM METALS. 



HiSTORi'. — In the year 1735 metallic platinum was 
brought to Spain from South America by Ulloa, a 
Spanish traveler who obtained the specimens from 
the gold-bearing sands of the river Pinto, in the dis- 
trict of Choco, near Papayan, in the United States of 
Colombia. About six years later a certain Mr. Wood, 
who traveled in Jamaica, acquired some of the me- 
tallic nuggets and presented them in 1750 to the Eng- 
lish chemist Watson for examination. The latter 
recognized the presence of until then an unknown 
metal in these nuggets, which fact was confirmed by 
the subsequent researches of the director of the Stock- 
holm mint, Scheffer. He declared the metal to be 
** white gold,** called in Spain platina del pinto, from 
plata, meaning silver, the diminutive being platina, 
which term lead to its present appellation, ** plati- 
num. ' * Later researches showed that besides the pre- 
dominating platinum contents, there were other me- 
tals alloyed with the natural product. Thus the Eng- 
lish chemist, Wollaston, proved in 1803 the presence 
of two other distinct metals in the ore, which he called 
palladium and rhodium. These names are derived 
respectively from the asteroid Pallas, discovered in 
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1802, and from the Greek noun *'rodon/' meaning 
rose, since certain solutions of rhodium salts have a 
roseate color. In the same year the French chemist 
Tennant discovered besides these, yet two further 
metals in platinum ore, which he named iridium, from 
the iridesence of some of its solutions, and osmium 
on account of the penetrating chlorine-like smell given 
off by osmium tetroxide, the Greek term, having 
served for its derivation, being **osma,'* meaning 
smell or odor. Finally the German chemist, Glaus, 
detected in 1845 a fifth metal in platinum ore, which 
he called ruthenium from the country of Ruthenians, 
a Little-Russian people, the ore tested having been 
found in the Ural mountains. 

Some chemists pretend, however, to have estab- 
lished the presence of a sixth metal besides platinum 
in the ore which has been named Davyium, symbol 
Dm., in honor of the great English chemist, Hum- 
phrej' Davy. It is described as having the atomic 
weight 154, though this point is somewhat doubtful^ 
and as occurring in minute quantities in some plati- 
num ore. Davyium has been obtained, precipitated 
on zinc, from the residues remaining after the separ- 
ation of iridium and rhodium, and appears to be a 
white metal, which decomposes water in presence of 
sulphuiic acid, the oxide formed scarcely dissolving 
in the acid. It combines with sodium chloride to pro- 
duce a double salt, which is very insoluble in water. 
The discovery of Davyium in platinum ores was made 
by the prominent chemist, Sergius Kern. 
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Chemistry and Commercial Points. — ^Platinma 
of atomic weight 195 and specific gravity 21.5 is a 
rare metal, and there is every indication extant that 
it will be classed with that category for a long time to 
come. The metal itself, when in pure condition, is 
of a tin-white color, extremely ductile, and, next to 
gold and silver, the most malleable metal known. 
Its fusing point lies at 1,750° C, and this property^ 
together with its resistance to oxidation at high tem- 
peratures, makes it an indispensable article for the 
preparation of chemical apparatus, as dishes, cruci- 
bles, foil and wire. Furthermore it is not affected by 
nitric, hydrochloric or sulphuric acids in cold, but by 
free chlorine and bromine at ordinary temperatures, 
the formation of platinic chloride and bromide being 
the final result. Heated platinum vessels are also at- 
tacked by free sulphur, phosphorus, arsenic, selenium 
and iodine, so that the fusion of sulphides, sulphates 
and phosphates with reducing agents is detrimental 
to platinum crucibles or dishes. Organic substances 
containing phosphates, ferric chloride, alkaline cyan- 
ides, potassium nitrate, bromides, iodides, alkali hy- 
drates, alkaline earths, and especially barium and lith- 
ium hydrates, when ignited in platinum vessels in the 
air, corrode the latter gradually. Most harmful in 
this respect are the metals lead, bismuth, tin, mercury, 
antimony and zinc, or their compounds, which act al- 
most immediately, when heated in a platinum crucible, 
and form readily fusible alloys. Platinum vessels, 
which have been tarnished by constant use, are pref- 
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erably cleansed by fusing borax in and upon them, or 
by digestion with nitric acid. The best support for 
these vessels is tHe triangle made of platinum wire. 
The metal itself is completely dissolved, when heated 
with aqua regia, under the formation of platinic chlo- 
ride, PtCl4, the solution thus obtained being largely 
used as a reagent in chemical laboratories. 

In 1905 the production of metallic platinum in the 
United States amounted to 305 ounces, the main part 
of which was recovered at the Sau Francisco mint by 
parting and refining the gold washings received from 
Trinity, Shasta and Plumas counties, California. 
British Columbia and the Sudbury district, where the 
nickel matte produced in the smelting works carries 
platinum values, contributed also to the output to 
some extent. 

The world's production in platinum for 1900 
amounted to about 165,000 ounces, of which Russia 
contributed 153,000 ounces, while the imports were 
valued at $1,762,020. The demand for platinum out- 
ranks the supply sufficiently to maintain the price of 
platinum ore at a figure approaching that of gold, 
eventual vacillations in the market being caused by 
the more or less successful production of the Russian 
mines. New York prices for 1*900 were $18.50 per 
troy ounce for ingots, and 72 cents per gram for cruci- 
bles, hammered ware and wire. 

The manufacture of platinum from its ores is car- 
ried on by digesting the mineral with dilute aqua re- 
gia to dissolve the gold, if present, and then treating 
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the remaining mass with stronger aqua regia, often 
under pressure when platinum with traces of iri- 
dium and rhodium enter into solution as chlorides. 
The residue consists chiefly of earthy impurities, and 
of an alloy of osmium and iridium (osmiridium), 
which is not attacked by aqua regia. The solution is 
evaporated to dryness, the remainder digested with 
water, filtered, and the clear liquid mixed with a solu- 
tion of ammonium chloride. A yellow crystalline dou- 
ble salt, known as ammonium platinic chloride, is 
thus produced, which is insoluble in alcohol and 
slightly soluble in water. It separates out, therefore, 
from the solution on the addition of alcohol, when it 
is filtered off, washed with alcohol, dried and then 
heated to redness. After this treatment metallic 
platinum remains behind in form of a gray, spongy 
mass, known as platinum sponge. This material, 
when welded into a compact mass under strong pres- 
sure and at a hii^h temperature, is used for the prep- 
aration of platinum vessels, but contains still traces 
of iridium and rhodium, which are, however, desirable 
adjuncts, since thoy contribute greatly to increase the 
toughness, tenacity and resistance of the metal, and 
render it more suitable for the manufacture of plati- 
num vessels. 

When manufacturing platinum on the large scale, 
the crude ore is treated in a reverberatory furnace 
with an equal weight of galena, when the platinum 
forms an alloy with the lead, which is reduced to that 
condition from the sulphide by the iron present in the 
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mineral. Ground glass and borax are then added as 
fluxes, when the osmiridium, which does not alloy 
with the lead, settles gradually to the bottom in conse- 
quence of its high specific gravity. An addition of 
litharge is then made, in order to oxidize the sulphur, 
and finally the slag is skimmed off, and the metal run 
into ingots, which, upon cupellation, yield platinum 
containing some iridium and rhodium. This product 
may be purified further, but answers for ordinary 
purposes, where small quantities of iridium and rho- 
diimi are rather welcome, as pointed out before. The 
cost of preparing these ingots is about 20 cents per 
kilogram of ore treated, when working on 100 kilo- 
gram lots. 

Mineralogy. — The occurrence of platinum in na- 
ture resembles that of gold to some extent, since it 
has been found so far in paying quantiti(.*s mostly in 
iilluvial deposits. The metal accompanies frequently 
the gold contained in auriferous sands of rivers, and 
occurs then in form of grains and scales, or in round,, 
flattened or irregular lumps and nuggets. It is as- 
sumed, therefore, that platinum is a product of ero 
sion, like alluvial gold, and that it was washed out of 
the rocky strata and deposited in the river beds in the 
course of eons. The United States of Colombia, St. 
Domingo, Brazil, Mexico, Borneo, New Zealand, N'jw 
South Wales and British Columbia are known to con- 
tain platinum deposits, while the metal occurs besides 
in combination with ai'senic as sperrylite neai- Sud- 
bury, in Ontario province, Canada. In the United 
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States it has been found in traces with gold in Ruther- 
ford county, North Carolina ; in the gold washings of 
the Klamath region at Cape Blanco, and in those of 
Cherokee, Butte county, California, but not in abun- 
dance. Oregon and Alaska are also limited and occa- 
sional producers. A remarkable find mado near 
Plattsburgh, New York, was that of a mass Aveiirhing 
104 grams, of specific gravity 10.45, and consisting 
of forty-six per cent platinum and fifty-four per cent 
chromite. 

The eastern declivity of the Ural mountains in 
Russia represents, however, the most prolific source 
of the metal. It is obtained there by washing the plat- 
iniferous sand, containing at the most its three-thou- 
sandth part in platinum. The grains of the ore are as 
a rule very small, and the finding of larger lumps ov 
nuggets belongs to the rarities. Since the complete 
separation of the metallic grains or scales from the ac- 
companying specifically heavy minerals cannot be ef- 
fected at the place of occurrence in the Ural moun- 
tains, the ore brought into the market, u usually- 
mixed with titaniferous, magnetic and chromic iron, 
zircon, spinel, quartz and iron and copper pyrites, 
the whole being reduced to a fine sandy mass. To 
specify this point more clearly, it may be said that 
platinum ores contain: 1. Sand, which can be only 
partly removed by washing with water, and contains 
(juartz, zirconium, iron chromate and, in the Russian 
ores, iron titanate. 2. Osmiridium. 3. Platinum, iri- 
dium, rhodium, ruthenium and palladium, combined 



PLATINUM. 75 

in the form of an alloy. 4. Copper and iron in the 
metallic state. 5. Gold, and frequently silver. The 
latter metal is generally found with the palladium. 
The platinum grains, contained in this mixture, carry, 
as a rule, from seventy-five to eighty-seven pe;r cent, of 
that metal, besides a quantity of iron, sufficient to ren- 
der them magnetic, from one-third to one per r^ent of 
palladium, but sometimes much less, with smaller 
quantities of copper, rhodium, osmium, iridium and 
ruthenium. The mother rock in which platinu^n ores 
occur consists usually of serpentine, probably altered 
into the latter from peridotite, a magnesium iron sili- 
cate, intimately related to chrysolite, which is often 
partly changed to serpentine. The ore has been dis- 
covered in considerable quantities lately in the Phil- 
ippines, and in the Copper river district of Alaska, 
in which latter locality it is said to possess a value of 
$13 per ton at the surface, increasing with depth, and 
in the New Rambler mine of the Grand Encampment 
district, Wyoming, about December, 1901. This ore 
is reported to carry 1.5 to 6.8 ounces of platinum per 
ton, and the matte from the Grand Encampment 
smelter 4.84 ounces of the metal. Professor Wilbur 
C. Knight of the Wyoming State University has in- 
vestigated the case more closely, having besides had 
analyses made by three of the leading mineralogists 
in the United States, and reports that the ore in ques- 
tion carries from ten to twelve ounces of platinum 
and palladium, worth approximately $25 per ounce, 
and from eighteen to twenty-five per cent copper. The 
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ore runs from $275 to $400 per ton in platinum, pal- 
ladium and copper. 

Analyses of the California and Oregon ores gave 
the following results: 

• 

California. Oregon. 

Platinum 85.50 51.45 

Iron 6.75 4.30 

Palladium 0.60 0.15 

Rhodium 1.00 0.65 

Iridium 1.05 0.40 

Osmium None None 

Copper 1.40 2.15 

Osmiridium 1.10 37.30 

Gold 0.80 0.85 

Sand 2.95 3.00 

Totals 101.15 100.25 

« 

Detection. — Dissolve in a casserole five grams of 
the platinum ore by means of aqua regia, evaporate to 
dryness on the water-bath, and heat the residue gently 
until every trace of nitric acid is expelled. Take up 
with water, filter and add to the clear liquid a few 
drops of potassium iodide solution, when the platinum 
iodide formed will dissolve, producing a deep rose- 
colored liquid, which resembles closely a solution of 
cobaltic nitrate. The addition of a few drops of acid 
to the colored solution hastens the appearance of the 
color, while heating causes it to disappear. Hydrogen 
sulphide, sodium sulphite or sodium thiosulphate 
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(hyposulphite), sulphurous acid, and mercuric chlo- 
ride have the same effect upon the liquid as heat. 

Qualitative Determination. — Platinous chloride 
of the formula PtClg is a greenish brown powder, 
which dissolves to a dark brown solution in hydro- 
chloric acid. A solution of the salt remains in the 
platinous condition as long as the access of air is ex- 
cluded from it, but changes to the platinic state when 
brought in contact with the latter. Caustic potash or 
soda precipitate from a platinous solution the hydrate 
Pt(0H)2 of a dark brown color, soluble in excess of 
the reagents as potassium or sodium platinite of the 
composition KsPtOo and NagPtOg respectively. Addi- 
tion of alcohol to the liquid causes the precipitation of 
platinum black. Ammonia throws down a green crys- 
talline precipitate of platinous ammonium chloride, 
PtCl2.2NH3, which is insoluble in alcohol and cold 
water. Hydrogen sulphide precipitates very slowly 
the black platinous sulphide PtS, which is sparingly 
soluble in water and ammonium sulphide, and is not 
affected by acids. Potassium iodide precipitates slow- 
ly platinous iodide of the formula Ptio, whose color 
lies between red-brown and black. Oxalic acid pro- 
duces no change in platinous solutions, while ferrous 
sulphate reduces them gradually, and metallic zinc 
causes rapid reduction. 

Platinic chloride of the formula PtClj forms a 
brownish-red liquid, when dissolved in water or alco- 
hol, and produces, on the addition of caustic potash, 
soda or ammonia to its concentrated solution, a vellow 
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crystalline precipitate of potassium, sodium or amuiO- 
nium platinic chloride of the compositions PtCl,. 
2KC1; PtCl,.2NaCl; and PtCl,.2NH,Cl respectively. 
This precipitate is slightly soluble in water, insoluble 
in alcohol, but soluble in excess of alkali, and is re- 
precipitated from such solutions by hydrochloric acid. 
Addition of ammonium chloride causes the precipita- 
tion of ammonium platinic chloride. Hydrogen sul- 
phide and ammonium sulphide precipitate slowly the 
black platinic sulphide, FtS,, which is slightly soluble 
in water, also dissolved by chlorine, and in excess of 
ammonium sulphide as ammonium sulphoplatinate. 
Potassium iodide colors the solution brown-red, and 
precipitates the black platinic iodide, Ptl4. Excess of 
the reagent causes the precipitation of potassium plat- 
inic iodide of the formula K^Ptlo or Ptl4.2KI, of a 
brown color, which is slightly soluble in water. The 
reduction of platinic solutions to metallic platinum 
cannot be effected by the addition of oxalic acid, but 
is accomplished gradually on giving ferrous sulphate 
to the liquid, and speedily by means of zinc or iron. 

Quantitative Estimation. — Bring from two to 
five grams of the ore into solution by means of aqua 
regia, evaporate to dryness, take up with hydrochloric 
acid and hot water, filter, wash and conduct hydro- 
gen sulphide through the filtrate to saturation. Let 
stand for twenty-four hours, filter off the sulphides, 
wash them with water containing hydrogen sulphide, 
and dissolve them in a little aqua regia. Dilute, filter 
off the sulphur separated out, if necessary, and add 
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to the acid liquid a saturated solution of ammonium 
chioride and sufficient alcohol to render the precipita- 
tion of the ammonium platinic chloride complete. Fil- 
ter, wash the precipitate with water to which a little 
ammonium chloride has been added besides some alco- 
hol, and bring the moist filter, containing the precipi- 
tate, into a crucible, cover with the lid, and heat 
gently till the mass is charred. Then apply stronger 
heat to drive off the chlorine and ammonium chloride, 
and finally open the crucible partly, so as to burn 
away the carbonaceous residue. Cool and weigh as 
metallic platinum. The precipitate may contain 
traces of double salts of other platinum metals, and 
should be tested according to the directions given 
in the following chapters. 

A method suitable for the recovery of platinum 
from photographic or laboratory residues, consists of 
the following operations: Ileat the neutral solution 
containing the platinum to boiling, and add, while the 
liquid is in ebullition, a saturated solution of sodium 
carbonate, mixed with one-third its volume of glycer- 
ine, when all the platinum present will be precipi- 
tated in the metallic state. Filter, wash, dry, incin- 
erate and weigh. It is essential that the sodium car- 
bonate added be in excess. If iron or other metals are 
present, the precipitate should be digested with dilute 
acid to remove them. Paper residues must be burned 
first, and incinerated subsequently in the muffle, be- 
fore they are digested with aqua regia, and the solu- 
tion resulting is treated with ammonium chloride. 
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PALLADIUM. 



CllKMlSTRY AND COMMERCIAIi POINTS. To this Cat- 

jjjory belong the metals palladium, rhodium, osmium, 
ruthenium and iridium. The first of them, palla- 
iliuui, lias the atomic weight 106, and a specific grav- 
ity of 11.4. It occurs native in platinum ores, princi- 
pally, however, alloyed with gold and silver in Brazil- 
ian y[ol(l ore, and is said to have been found also in St. 
IXuningo and the Ural mountains. The gold ore from 
lira/il contains, as a rule, from five to ten per cent, of 
metallic j)alladium, and the metal is obtained from 
tht^ gold dust by fusing it together with silver, and 
4liMHolving the granular alloy thus obtained in nitric 
aeid under the application of heat, when only silver 
and palladium enter in solution, and the gold re- 
mains. Hy the addition of salt solution to the liquid 
Hopa rated from the gold, the silver is precipitated as 
chloride, which is removed by filtration, and the pal- 
ladium ecMitained in the filtrate then precipitated by 
uuMins of m(M'cu!'y cyanide as a yellowish-white gela- 
tinouN prtvipitate of palladous cyanide, which leaves 
4)n ignitio!! spongy metallic palladium. 

To riM'over the palladium from platinum ore, the 
latl(»r is treated with aqua regia, the acid solution fil- 
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tered from the insoluble residue, and excess of am- 
monium chloride and alcohol added to the filtrate to 
precipitate platinum and iridium. The precipitate 
having settled, the liquid is filtered, the former wash- 
ed with ammonium chloride and alcohol, and the pal- 
ladium thrown down from the filtrate by mercury 
cyanide. 

Palladium has the lowest melting point of all plat- 
inum metals, 1500° C, resembles platinum in lustr(\ 
and approaches steel in hardness. It is more mallea- 
ble than platinum, can be more readily welded than 
the latter, and shows, when polished, a whitish steel- 
like lustre, which does not tarnish. When fused to f\ 
button it absorbs oxygen from the atmosphere, evolv- 
ing it on cooling, Avhen it sprouts like silver, and be- 
comes very porous. Tincture of iodine blackens the 
surface of palladium, but not that of platinum. On 
account of its great resistance to oxidation by atmos- 
pheric oxygen and moisture, and to the effect of sul- 
phuretted gases, it is employed for the inner mechan- 
ism of chronometers and watches, also for the con- 
struction of fine balance beams, for the divided scales 
of delicate apparatus, and for surgical instnnnonts. 
Both platinum and palladium find application in 
photography for the preparation of toning baths. 
When fused with gold in the proportion of one to six, 
palladium forms a white alloy, which was employed 
for the graduated part of the mural circle, constructed 
for the observatory of Greenwich. 

Palladium has the peculiar property of absorbing 
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or (Hvludinj»: liydrogon at ordinary temperatures, and 
inoro so when heated. Thus freshly ijrnited palladium 
foil takes up more than 370 volumes of hydrogen at 
usual tem|H*ratures, and about 650 volumes of the gas 
when heated to from 90 to 1(X)° C. Under such condi- 
tion the metal forms fii-st palladium hydride, PdgH, 
aksorbs subsequently the rest of the hydrogen, be- 
comes spei»ifieally liirhter, and expands to one-tenth 
its volume, but retains its metallic appearance. This 
phenomenon may be shown to l>est advantage by at- 
taehinjj a piiHv of palladiinn in sheet or wire fonn 
to the iiejrative pcie of a battery, when decomposing* 
water by the elect rie current, as the hydrogen thiia 
liisenjrajrtHl will then be al>sorl>eil by the palladium. 
Palladium-black and sponsjy palladium possess the 
pivperty of al^sorbiuir hydn>iren to a yet higher de- 
>:nv than the compact metal, since the former takes 
up at UH>^^ l\ upwatxls of i^SO times its volume of the 
iras. and spoiiiry palladium, when hcatevi in the air un- 
til the white mctnlMc luster bivonuN blaek-eolored, ab- 
si>rbs hydnven with :nidity. and even oxidizes it 
p;>rtly to water 

Ovrvv viON Mix a so>.;t:on of sodium thiosnl- 
p^:,ue in a ;os: ::ibo \\::r. ;: l:::'.e ammonia, and add a 
^!ivp of the sv^'.vtjior; oi :ho .^r-;- suppv^sCii to contain 
pa»ladiu:u. s^^ ;:.s %> .-.^'v v th; >. /.r.-.i a pale lemon-yel- 
Uu. Uoi; ar,.: o':>i; v\ t ■;■-.■■ .h:-.:-.c:s :r. ^\>loration from 
a H :r,e b:v\\ r. sV.-.u :.> : ".^-./s. ':^;. viiluiion with water 
:i;<^ ':,;;:;.\ :-s5i\;:v:v - • -: -:-;v V-;-x:\ :inT, but does not 
i^\«..k ... ^ \. 
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Qualitative Determination. — ^Water precipitates 
a brown basic salt from solutions containing slight ex- 
c<»ss of acid only. 

Hydrogen sulphide or ammonium sulphide throw 
down from acid or neutral solutions black palladous 
sulphide, PdS, insoluble in ammonium sulphide, but 
soluble in boiling hydrochloric acid and readily solu- 
ble in aqua regia. 

Potassium or sodium hydrate precipitate a yellow- 
ish-brown basic salt, soluble in excess. 

Soluble carbonates precipitate brown palladous 
hydrate, Pd(0H)2, soluble in excess, reprecipitated 
on boiling. 

Ammonia or ammonium carbonate produce no pre- 
cipitate from the nitrate, but decolorize the dark 
brown solution. 

Hydriodic acid or soluble iodides give, even in 
very dilute solutions, a black precipitate of palladous 
iodide, Pdlj, somewhat soluble in excess of potassium 
iodide. (Most characteristic reaction for palladium. It 
serves for the detection of iodine in the presence of 
chlorine or bromine.) 

Mercury cyanide gives a yellowish-white gelatin- 
ous precipitate of palladous cyanide, readily soluble 
in potassium cyanide and in ammonia, slightly soluble 
in hydrochloric acid. It leaves on ignition spongy 
metallic palladium. 

Ammonium sulphocyanate gives no precipitate, 
even after the addition of SOg. (Distinction from 
copper.) 
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Stannous chloride produces a brownish-black pre- 
cipitate, soluble in hydrochloric acid to an intense 
^een solution. 

Palladous salts are reduced to the metallic state 
by phosphorus, sulphurous acid, potassium nitrite, 
foi'mic acid, metallic zinc or iron, and alcohol. 

Palladous chloride, obtained by dissolving palla- 
dous sulphide in boiling hydrochloric acid, is precipf 
tated by ammonia as flesh-colored ammonium-palla- 
dous chloride, PdCL.2NH3, soluble in ammonia to a 
colorless liquid, from which hydrochloric acid precip- 
itates it as a yellow crystalline chloride, identical in 
composition. Palladium shows a strong tendency to 
form compound ammonias. 

Ammonium chloride does not precipitate palla- 
dium salts. Potassium chloride precipitates a brown- 
ish-red octahedral double chloride, PdCl2.2KCl, insol- 
uble in absolute alcohol, and soluble in water to a 
dark-red liquid. 

All palladium salts ai-e decomposed by ignition, 
leaving metallic palladium. 

Quantitative Estimation. — The quantitative es- 
timation of palladium is oxeeiitod according to the 
directions given under ''Chemistry and Commercial 
Points/' and referring to the recovery of palladium 
from the ores. Palladium is separated from copper 
by saturating the solution containing the two metals 
with sulphurous acid, and adding a solution of potas- 
sium sulphocyanate. This reagent has no action on 
palladium, while it completely precipitates the copper 
in the form of a white sulphocyanate. 



CHAPTER IX. 



RHODIUM. 



Chemistry and Commercial Points. — Rho- 
dium : The metal rhodmiii of atomic weight 104, spe- 
cific gravity 12.1, and fusing point 2000° C, is a whit- 
ish-gray metal, less malleable or ductile than plati- 
num, unalterable in the air at ordinary temperatures, 
but oxidizable at a red heat. When pure it resists 
the action of the strongest acids, even that of aqua 
regia, but when alloyed with lead, bismuth, copper or 
platinum it dissolves in that liquid. On the other hand 
it does not dissolve in aqua regia, when alloyed with 
gold or silver. It sprouts or spits like silver, when 
heated and gradually cooled after fusion. 

Rhodium is contained in the solution remaining 
after the precipitation of platinum, and the metals in 
solution are thrown down together from the liquid 
by means of metallic iron, when the mass, obtained in 
this manner, is mixed with one part of lead and two 
of litharge, and fused. From the fusion the lead, 
copper and palladium are removed by dilute nitric 
acid, and the residue is heated to redness for two 
hours with i\ve parts of barium oxide. The mass is 
then cooled, lixiviated with water, and the residue boil- 
ed and distilled with aqua regia to remove osmium. 
The remaining solution is treated with sulphuric acid. 
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decanted from the precipitated barium sulphate, evap- 
orated at 100° C. with excess of ammonium chloride, 
and washed with a solution of ammonium chloride un- 
til the washings show no longer a red coloration. The 
filtrate and washings are evaporated with sufficient 
nitric acid to decompose the ammonium chloride, and 
the residue is heated to redness with three or four 
parts sulphur. Pure rhodium remains on boiling the 
residue with aqua regia and sulphuric acid. 

The metal or its compounds have as yet found no 
special commercial application, and have therefore 
but limited interest. 

Detection. — Convert the rhodium obtained ac- 
cording to directions given under *' Chemistry and 
Commercial Points" into the ammonium double chlo- 
ride, wash the precipitate repeatedly with ammonium 
chloride, and then evaporate the double salt of rho- 
dium, thus resulting, with ammonia. In this manner 
the rhodium is converted into the chloride of the 
ammonium-rhodium base, which should be purified 
by crystallization. Rhodium is found in small quanti- 
ties in platinum ores, and often to considerable ex- 
tent in platinum residues. Its salts are for the most 
part rose-colored end hence readily recognized. 

QuAiJTATiVE Determination. — Hydrogen sul- 
phide or ammonium sulphide precipitate from a hot 
solution brown rhodic sulphide, Rh2S3, insoluble in 
ammonium sulphide, but soluble in boiling nitric acid. 

Potassium or sodium hydrate give with the dou- 
ble chloride of sodium and rhodium a vellowish- 
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brown precipitate of rhodic hydrate, RhaCOH)^, solu- 
ble in excess ; in other rhodic salts this precipitate ap- 
pears only on boiling. 

Prom a solution of rhodic chloride, potassium hy- 
drate produces at first no precipitate, but gives, on 
the addition of alcohol, a brown precipitate of rhodie 
hydrate. 

Ammonia gives also a yellow precipitate, only 
formed, however, after some time. It is soluble in 
hydrochloric acid. 

Potassium iodide causes the formation of a slight 
yellow precipitate. 

Metallic zinc i)recipitates black metallic rhodium. 

Potassium nitrite gives with the chloride an 
orange yellow precipitate, which is slightly soluble in 
water, and only very slowlj'' decomposed by strong 
hydrochloric acid. (Characteristic.) 

Rhodium is further distinguished from the other 
platinum metals by its insolubility in aqua regia, its 
solubility on fusing it with acid potassium sulphate, 
and the behavior of its chloride with potash and al- 
cohol. 

Quantitative Estimation. — Dissolve the ore in 
aqua regia, remov(3 the platinum and iridium by pre- 
cipitation with ammonium chloride and alcohol, and 
throw down the palladium by means of mercury cyan- 
ide. Saturate the filtrate with sodium carbonate, add 
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hydrochloric acid to decompose the excess of the 
cyanide, evaporate to dryness, and treat the residue 
with alcohol. Under this treatment only the sodium 
chloro-rodiate will remain as a red-brown powder, 
while the rest of the mass dissolves. This salt, when 
heated in a current of hydrogen, and washed with a 
large quantity of water, yields pure rhodium. 



CHAPTER X. 



OSMIUM. 



Chemistry and Commercial Points. — Osmium 
has the atomic weight 192, a fusing point approaching 
2500° C, and the high specific gravity 21.4, which 
figure shows it to be the densest of all metals. Its 
separation from osmiridium, which remains on dis- 
solving the platinum ore in aqua regia in the form 
of white, metallic looking hard grains, depends on its 
property of forming a volatile tetroxide. Taking ad- 
vantage of this point, the ** powdered'^ osmiridium is 
mixed with one part of sodium chloride, and exposed 
in a glass tube to a current of dry chlorine gas at dull 
redness, when the double chlorides of the two metals 
an» formed. The reduction of the osmiridium to pow- 
der form is best effected by fusing it with zinc and a 
small amount of ammonium chloride, when the two 
metaLs contained in the natural alloy will combine, 
and the zinc is dissolved from the cooled mass by 
means of dilute sulphuric acid, osmium and iridium 
lemaining as impalpable powders. The mass, con- 
taining the double chlorides, is then allowed to cool, 
dissolved with boiling water, the solution concentrat- 
ed by evaporation, acidulated with nitric acid, and 
distilled from a retort, until the whole of the osmium 
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has volatilized, the iridium remaining behind as the 
double chloride, IrCl4 2KC1. This salt is obtained in 
reddish-black regular octahedra by recrystallizing 
from water. ' The fumes of osmium tetroxide, volatil- 
izing from the mixture, are conducted into a receiver 
containing a solution of caustic potash, and the alka- 
line solution thus obtained is evaporated with an ex- 
cess of ammonium chloride, which leaves on ignition 
of the dry residue, and washing with water, metallic 
osmium in form of a black or gray powder, possessing 
metallic luster. The solution of the iridium salt re- 
maining in the bulb of the retort is concentrated, also 
treated with ammonium chloride, and the precipitated 
iridium ammonium chloride ignited, when it forms 
spongy iridium. 

Another procedure of treating the solution of os- 
mium tetroxide consists in precipitating the osmium' 
as sulphide by means of ammonium sulphide, wash- 
ing and drying the latter, and placing it in a gas-coke 
crucible resting within a fireclay crucible, whose cover 
is carefully luted on, and heating the whole for four 
hours to about 1600° C. The metal obtained in this 
manner may be rendered denser by heating it at the 
temperature of a very powerful electric arc, which 
appears to be the best adapted apparatus for opera- 
tions of this kind. When fused in this manner it pre- 
sents a brilliant metallic surface of a beautiful blue 
color, slightly tinged with gray. The fumes of os- 
mium tetroxide are remarkable for their extremely 
poisonous nature and offensive odor, the latter resem- 
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blintj: that of chlorine or iodine, so that all opera- 
tions of this kind should be performed under a well- 
drawing hood. These vapors are absorbed by water, 
and metallic osmium is precipitated from such a solu- 
tion in form of a black powder by most metals, includ- 
ing mercury and silver. When osmium is heated with 
five or six per cent tin at })right redness it dissolves 
in the latter, and if the cooled alloy thus resulting is 
treated with hydrochloric acid, the metal remains in 
form of a hard, crystalline powder of specific gravity 
22.48, the highest observed for the metal. 

The utilization of osmium or its compounds is lim- 
ited at present to the preparation of filaments for in- 
candescent lights, and the precipitation of bacterial 
organisms from writer or other liquids. 

Detection. — All osmium compounds, when boiled 
with an excess of nitric acid, give oft* a pungent 
odoi* of the tetroxide, OSO4. — ^lix the mineral 
to be tested with salt, and heat the mixture, 
placed in a porcelain boat, in a tube of hard glass, 
while conducting moist chlorine over it. Conduct 
the fumes of osmium teti'oxide, formed under these 
conditions, into a solution of caustic potash, add ex- 
cess of annnonium chloride, and evaporate the mix- 
ture to dryness. Ignite the dry residue, filter, wash 
with water and dry to obtain metallic osmium. 

Qr ALiTATiVE DETFJiMiNATiox. — 1 lydrogcu sulph- 
ide and ammonium sulphide produce a brownish- 
black precipitate of osmium sulphide, OsS, which 
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only separates out when a strong acid is present. The 
precipitate is insoluble in ammonium sulphide. 

Potassium hydrate, sodium hydrate or potassium 
carbonate produce a brownish-red precipitate of 
hydrated osmium dioxide. Os(OH)4. 

On fusing the double chloride with sodium car- 
bonate, dark grey OsO. is obtained. 

Heated with tannic acid, or alcohol, under addi- 
tion of hydrochloric acid, the double chloride is re- 
duced to the blue osmious chloride, OsCla. 

A solution which contains osmic acid (an osmate) 
is remarkable for its great oxidizing power. It de- 
colorizes indigo solution, separates iodine from potas- 
sium iodide and converts alcohol into aldehyde and 
acetic acid. Sodium sulphite yields a deep violet 
coloration, and dark blue osmious sulphite, OsSO-^, 
gradually separates. Ferrous sulphate produces a 
black precipitate of OsO^. Stannous chloride pro- 
duces a brown precipitate, soluble in hydrochloric 
acid to a brown liquid. All compounds of osmium 
yield the metal when ignited in a current of 
hydrogen. 

Quantitative Estimation. — This operation is ex- 
ecuted according to the directions given under 
*'Chemistrv and Commerci;il Points.'' 



CHAPTER XL 



RUTHENIUM. 



CllKMISTRY AND COMMERCIAL POTNTS. — Fused 

rutheniiiin is a hard brittle metal of atomic weight 
101.7 and specific o:ravity 11.4, its melting point 
lying near 2500° C, and is found in small quantity 
in that portion of the platinum ores which remains 
behind after treatment with aqua regia. It is a gray- 
ish-white substance, closely resembling iridium, which 
oxidizes slowly in air, and when heated, covers itself 
with bluish-black ruthenic oxide of the formula 
Ru^O.,. If heated in an atmosphere of oxygen, it 
burns wnth a smoky flame, brilliant sparks being 
emitted, which phenomena are accompanied by the 
generation of an odor resembling that of ozone. 
Ruthenium is scarcely affected by acids or aqua regia, 
but combines with chlorine at a red heat. To pro- 
duce the tetroxide of the metal, chlorine gas is passed 
through the heated alkaline solution of a ruthenium 
salt, contained in a retort, when the volatile tetroxide 
distills over. It forms golden-yellow crystals, melting 
at 85"^ C. and boiling at about 100° C, which decom- 
pose with explosion, when heated to 108° C. The 
metal ruthenium is prepared on a larger scale from 
the residue remaining after treatment of platinum 
ores wnth aqua regia by reducing the latter to a fine 
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powder, which is effected by fusing it with zinc and 
a little ammonium chloride, and treating the result- 
ing mass with dilute hydrochloric acid to remove the 
zinc. The powder is then heated with a mixture of 
three parts barium oxide and one part barium nitrate 
to about 950° C, and the cooled mass brought into a 
stoppered and cooled flask, so as to prevent the escape 
of osmium oxide. When all action has ceased, one 
part nitric and two parts sulphuric acid are added, 
the mixture is shaken, allowed to settle, and the solu- 
tion thus obtained decanted from the barium sulphate 
formed. The liquid is then subjected to distillation, 
the whole of the osmium being contained in the dis- 
tillate. The equally volatile ruthenium tetroxide is 
not produced under these conditions. To the residue 
are added two or three parts of ammonium chloi'ide 
and a little nitric acid, the liquid is evaporated on 
the water bath, and washed with a mixture of one 
part saturated annuonium chloride solution and one 
part watei*, when the washing is continued until the 
filtrate is colorless. The residue consisting of am- 
monium iridium fuid ruthenium chlorides, is ignited, 
and the residual metals are fused for two houi*s in 
a silver basin with a mixture of two parts potassium 
nitrate and one part potassimn carbonate, and dis- 
solved in water, leaving the bluish potassium iridate. 
The solution is treated with nitric acid until the yel- 
lowish-red color, due to the presence of potassium 
rutheniate, disappears, and the ruthenium is precipi- 
tated as oxide, which is ignited in a graphite crucible 
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and fused by means of the oxyhydrogen flame or in 
the electric furnace. 

Detection. — Boil the solution, supposed to con- 
tain ruthenium, with a little hydrochloric acid, then 
neutralize by adding ammonia, add a solution of 
sodium thiosulphale, mixed with ammonia, and boil 
the mixture. If ruthenium is present, a purple-red 
liquid is produced, which, unless the solution is very 
dilute, appears black by transmitted light. This 
coloration is permanent, and the liquid may be ex- 
posed to the air without alteration. 

Or, render the solution to be tested for ruthenium 
alkaline by the addition of sodium or potassium car- 
bonate, and then add potassium nitrate in solution. 
Boil the mixture for an instant, allow it to become 
perfectly cool, and add a drop or two of colorless 
ammonium sulphide. On shaking, a yellow or 
orange-yellow color appears, which quickly deepens 
to the finest red. When the quantity of ruthenium 
present is very small, or when large quantities of the 
other platinum metals are also present, it is better, 
after adding the alkaline carbonate and nitrate, to 
evaporate the whole to perfect dryness on the water 
bath, and treat the dry and powdered mass with a 
small quantity of absolute alcohol. The alcoholic 
solution is then filtered off and treated directly with 
ammonium sulphide. In this manner the smallest 
trace of ruthenium may be detected even in the pres- 
ence of very large quantities of the other platinum 
metals. 
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Qualitative Determination. — Hydrogen sulph- 
ide produces at first no precipitate, but after some 
time the fluid acquires an azure-blue tint, and de- 
posits brown ruthenic sulphide, RugSg. This reaction 
is very delicate and characteristic. 

Ammonium sulphide produces a brownish-black 
precipitate, difficultly soluble in excess. 

Potassium hydrate precipitates black ruthenic 
hydrate, RugCOH)^ insoluble in alkalies, but soluble 
in acids. 

Potassium sulphocyanate produces, in the absence 
of other platinum metals, after some time, a red color- 
ation, which gradually changes to purple-red, and, 
upon heating, to ?. fine violet tint. (Very character- 
istic. ) 

Potassium chloride or ammonium chloride pro- 
duce in concentrated solutions crystalline glossy vio- 
let precipitates of the double chlorides, difficultly 
soluble in water, insoluble in alcohol. They are de- 
composed on boiling with water, with separation of 
black ruthenious oxychloride. 

Potassium nitrite forms a double salt, 3N0K0, 
N2O3, RuOg, readily soluble in an excess of the alka- 
line nitrite. On the addition of a few drops of color- 
less ammonium sulphide, the solution assumes a 
splendid dark red color, changing to brown, without 
precipitation of sulphide. 

Metallic zinc produces at first a fine azure-blue 
coloration (owing to the reduction of RUoCl^ to 
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KuClo), which subsequently disappears, ruthenium 
beinjj deposited in the metal lie state. 

Quantitative Estimation. — This operation is ef- 
fected accordinp: to the directions given under 
"^Chemistrv and Commercial Points.'' 



CHAPTER XII. 



IRIDIUM. 



Chemistry and Commercial Points. — The pro- 
duction of the i!ietal was described under the caption 
'* Osmium.'' Iridium is a white, steel-like metal of 
atomic weight 192.5, and specific gravity 22.42, which 
fuses at 1950^ C. It is brittle when cold, and some- 
wliat malleable at a white heat. At a red heat it is 
sufHa-ficially oxidized, but becomes reduced again at 
1000° C. AVhen pure, it is insoluble in aqua regia, 
but when alloye^l with much platinum, it dissolves 
in that liquid. Iridium occurs in platinum ore, prin- 
cipally as osmiridium and platiniridium, the former 
remaining behind after the treatment with aqua 
regia. When osmiridium is fused with zinc and son«e 
aiumonium cliloride, the two metals contained in it 
lujite, and when the fusion is completed the zinc may 
be dissolved from the cooled mass bv means of dilute 
suli)huric aci<l, when iridium and osmium remain as 
impalj)able ])owd(ns. 

When a solution of iridium sulphate, containing 
alcohol, is ex))osed to sunlight, the metal separates 
from the licpiid in form of a fine iron-black powder^ 
which is more eiuM'getic in its action than platinum 
black. If this powder is washed aiid dried, and a 
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small portion of it is placed upon a paper saturated 
with alcohol, the paper will take fire and burn. The 
metal itself, when held in the flame of an alcohol 
lamp, absorbs carbon, forms an iridimn carbide, and 
covei's itself with black excrescences containing 
much iridium, which ignite on exposure to the air. 
Osmiridium, as well as metallic iridium, is used 
to a considerable extent for manufacturing purposes. 
Thus the native aliov serves on account of its extreme 
hardness, infusibility and indifference to reagents, 
for watch and compass bearings and the pointing of 
pens, while iridium itself is used for the construc- 
tion of knife edges, of delicate balances and other 
hard-wearing surfaces. Of the native osmiridium 
only ten i)er cent., however, is available for pen 
points, as it occurs mostly in very small grains, one 
ounce of the mineral containing between three to six 
thousand of them, many of them being too small for 
use. and others breaking when being worked on ac- 
(*ount of their laminated structure. On manufactur- 
ing these pen tips, a suitable grain is selected, and at- 
tached to the end of the pen with ordinary silver 
solder, cut through to form two halves of the nib 
by means of a revolving copi)er-plate tipped with 
diamond dust, and ground to the recpiired shape on 
a revolving copper-plate with emery and oil. In this 
manner about thirty ounces of osmiridium are used 
annually in the United States. The principal dis- 
trict which furnishes most of the native alloy is 
Katharinenberg in the Urals, since the yearly pro- 
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duction amounts there to about two hundred ounces. 
Other parts of these mountains contribute to the out- 
put in a small degree. The California mineral, which 
contains less platinum, and is heavier, denser and 
harder than that of the Russian districts, is best 
suited for general purposes and much preferred in 
consequence. 

The prices of platinum metals by the gram are: 
Iridium, metaUic, $1.07; in grains, 50 cents. Osmium, 
$2. Palladium, sheet and wire, $1.50; powder, 80 
cents. Rhodium, $3.25. Ruthenium, $1.60. 

Detection. — On dissolving platinum ore in aqua 
regia, the osmiridium remains almost untouched. To 
distinguish iridium, mix the mineral supposed to 
contain that metal, intimately with sodium chloride, 
place the mixture in a porcelain boat, heat the mass 
in a current of chlorine, and dissolve the double 
chloride of iridium remaining in the boat in water. 
Iridium, thus treated, yields a black-brown solution, 
rhodium a rose-red, and ruthenium an orange-yellow 
liquid. Evaporate the solution on the water bath, 
place it in a porcelain boat and reduce the residue 
to the metallic state by ignition in a current of hydro- 
gen. It will be seen that the presence of both iridium 
and osmium can be traced simultaneouslv by the 
process described. 

Qualitative Determination. — Hydrogen sulph- 
ide first decolorizes the solution of an iridium salt 
with separation of sulphur and reduction of the 
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IrCl4 to IrgCl^, and finally precipitates brown iridic 
sulphide, IrgSg. 

Ammonium sulphide produces the same precipi- 
tate, which is readily soluble in excess. 

Potassium or sodium hydrates, added in excess, 
color the solution greenish, and precipitate a little 
brownish-black iridium potassium or sodium chloride. 
On heatino; the liquid with exposure to the air, it 
acquires at first a reddish tint, which changes after- 
wards to azure-blue (distinction from platinum), 
and when evaporated to dryness and taken up with 
water, a colorless solution is obtained, and a blue de- 
posit of iridic dioxide is left undissolved. 

Potassium chloride precipitates dark brown potas- 
sium iridium chloride of the formula IrClj 2KC1, in- 
soluble in a concentrated solution of potassium 
chloride. 

Ammonium chloride throws down from concen- 
trated solution a dark red powder, consisting of small 
octahedral crystals of iridium ammonium chloride of 
the composition IrCl4 2NH4CI, which is insoluble 
in a concentrated solution of the precipitant. 

Reducing agents, such as potassium nitrite, oxalic 
acid, ferrous sulphate, stannous chloride and mercu- 
rous nitrate, reduce the double salt of ammonium as 
well as the potassium double chloride, especially when 
in hot solutions, to the sesqui-salt, thus: 
2(2KC1 IrClJ-^4KNOo=6KCl IroCle+2KN03+2N(), 

The double chloride crystallizes out on cooling. 

When iridium hydrate of the formula Ir(0II)4, 
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is suspended :n a solution of potassium nitrite, and 
the solution saturated with sulphurous acid and 
boiled, with renewal of the water, as long as sulphur 
dioxide is given oft*, the whole of the iridium is eon- 
verted into insoluble brownish-green iridium sulphite 
of the composition (IrOSO^ 4H^,0. This reaction 
serves also for the separation of iridium from 
platinum. 

Metallic zinc precipitates black metallic iridium. 

Iridium salts are reduced bv alcohol in alkaline 
soliitions to insoluble iridious compounds. 

Quantitative Estimation. — The quantitative 
estimation of iridium is accomplished according to 
the directions given under * ^ Detection. " 



CHAPTER XIIT. 



SELENIUM. 



History. — Selenium was discovered in 1817 by 
the renowned Swedish chemist Berzelius in the flue 
dust of the lead chanjbers of the sulphuric acid works 
at Gripsholm, Sweden, where sulphur, produced by 
roasting: iron pyrites from Fahlum, was used for 
manufacturing the acid. The dust, when tested be- 
fore the blowpipe, gave off a penetrating smell re- 
sembling that of rotting horseradish, which behavior 
was considered at that time as characteristic of the 
presence of tellurium. A more careful investigation, 
made by Berzelius, showed, however, that an un- 
known element was present, which was called by him 
selenium from the Greek noun ^^selene,'' meaning 
moon. The reason underlying the choice of this name 
consisted in the circumstance that the properties of 
selenium approached strikingly those of tellurium, 
which term is derived from **tellus,'' the Latin word 
for earth, and since the earth and moon are in close 
proximity, comparatively speaking, Berzelius selected 
that name. In connection with this occurrence it will 
be noticed thai the appellations of several chemical 
elements like i)alladium, tellurium, uranium and 
selenium, discovered in earlier yearns, were derived 
with predilection for the names of astral bodies — a 
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propensity which came to the discoverers as an in- 
heritance from the alchemists, who imagined the 
chemical comx)Ounds which they handled to be af- 
fected by a mysterious influence exerted upon them 
by the stellar system. 

Chemistry and Commerciat. Points. — ^This ele- 
ment, of the fjtomic weight 79.1, approaches sulphur 
in its properties, and forms, like the latter, several 
allotropic modifications, distinguished as the amor- 
phous and crystalline varieties. Amorphous sele- 
nium, obtained by the reduction of the dioxide SeOi. 
by means of sulphur dioxide, is a I'eddish-brown 
powder, soluble in carbon disulphide, and has a spe- 
cific gravity of 4.26, while the crystalline variety re- 
sults on heating amorphous selenium to 97° C, when 
the temperature of the mass rises suddenly above 
200° C, and the selenium is converted, on allowing 
it to cool slowly, into a crystalline, dark-gray sub- 
stance of speciflc gravity 4.8. This modification pos- 
sesses metallic lustre, conducts electricity, and is in- 
soluble in carbon disulphide. Its resistance increases 
when heated, but diminishes considerably on expos- 
ure to light, and returns after removing it from the 
latter. The change in conductivity is instantaneous, 
even the light produced by a small lamp having a 
noticeable efl:'ect, while it is almost doubled in sun- 
light. On this property is based the construction of 
an instrument, known as photophone, in which light 
is converted into electricity, and sounds and even 
articulate speech can be transmitted from a distance. 
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Selenium has also been recently used for observa- 
tions, made during the transit of Venus, and the oc- 
currence of th»^ sun's eclipse. The element melts at 
217° C, boils at about 700° C, and passes then into 
a dark yellow vapor. It dissolves with a green color 
in concentrated sulphuric acid, and forms then sele- 
nious acid. 

Seleniferous flue dust accumulates in the conduits 
leading from the burners to the lead chambers of 
sulphuric acid factories, using seleniferous pyrites, 
and consists of a mixture of selenium and metallic 
selenides with soot and sand. This material serves 
for the prepai'ation of selenium. It contains in cases 
thirty to forty per cent, of the metal, and forms a 
dark colored mass, which is first moistened with sul- 
phuric acid, then washed with water and thoroughly 
dried, to be finally placed into a luted glass retort. 
The latter is then strongly heated to a temperature 
approaching the fusing point of glass, when most of 
the selenium tlistils over in perfectly pure condition. 
The residue, consisting of selenides with carbon and 
other impurities, is dissolved in hydrochloric acid 
containing a little nitric acid, and the iron and cop- 
per present are precipitated with caustic soda. The 
mixture is then filtered, and the selenium contained 
in the filtrate recovered by saturating the liquid with 
sulpbar dioxide. 

Sfilenium counts, however, with the rare metals, 
find Js but difficultly obtained in large quantities. 
Cheirically pure tuid crystallized selenium can be 
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bought at $1 per gram, and the commercial article 
for ten cents per gram. 

Mineralogy. — Selenium occurs native in the cavi- 
ties of Vesuvian lavas, and as sulphur selenide in 
natural sulphur, also in several varieties of copper 
and iron pyrites, especially in those of Norway, and 
in meteoric iron. In the Hartz mountains, Germany, 
are found the rare minerals claust halite PbSe, lehr- 
bachite PbSe ITgSe, onofrite IlgSe 4TlgS, eucairite 
CuSeAg^.Se. and crookesite(CuTlAg)Se, which are, 
however, not met with in the United States. 

Detection. — Dissolve the ore supposed to con- 
tain selenium in concentrated nitric acid, add a few 
drops of hydrochloric acid, and boil. Add barium 
chloride to remove any sulphur, eventually present 
as sulphuric acid, filter, dry, and weigh the barium 
sulphate formed, and reduce the selenium in the filt- 
trate by means of sulphur dioxide. It will be seen 
that this process is also applicable for the detection 
and estimation of sulphur in seleniferous ores. In 
most cases selenium may be separated from metals 
by heating the ore containing it in a current of chlo- 
rine. The selenium chlorides thus formed are suf- 
ficiently volatile to render the separation easy of exe- 
cution. 

Qualitatrt: Determination. — Hydrochloric acid 
decomposes selenates on boiling; chlorine is evolved, 
and the salt is reduced to a selenite. (Distinction 
from SeOo.) Hydrogen sulphide does not produce a 
precipitate until the selenate has been re(|uced to sele- 
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nite by boiling with hydrochloric acid. Barium 
chloride produces a white precipitate of barium sel- 
enate, BaSe04, insoluble in water and in dilute acids; 
decomposed by boiling hydrochloric acid. 

Selenious compounds, when treated with hydro- 
gen sulphide, produce from an acid solution of a 
selenite a lemon-yellow precipitate of selenious sul- 
phide SeSo, which almost immediately breaks up 
into its component elements Se and So, but is readily 
soluble in ammonium sulphide. Barium chloride 
gives a white precipitate of barium selenite, BaSeOo, 
soluble in dilute hydrochloric or nitric acid. Reduc- 
ing agents, such as SOo, alkaline sulphite, stannous 
chloride, metallic zinc and iron, precipitate from solu- 
tions, acidulated with hydrochloric acid, metallic 
selenium, as a red powder, which turns gray at a 
high temperature and is soluble in potassium cyanide 
solution. Ferrous sulphate is without- action. Metal- 
lic copper is immediately coated black, when placed 
in a warm solution containing hydrochloric acid, and 
on standing, the solution turns light red from separa- 
tion of metallic selenium. 

QiTANTiTATivE ESTIMATION. — As sclenium and tel- 
lurium occur as a rule together, provision is to be 
made for the separation of both elements. Treat one 
gram of the seleniferous ore with aqua regia, and 
precipitate the gold, freciuently present in the solu- 
tion, by means of oxalic acid. Filter off the gold, 
conduct sulphur dioxide through the liquid to pre- 
cipitate selenium and tellurium and dilute with 
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water to render the precipitation complete. Dissolve 
the precipitate in nitric acid, filter off the tellurous 
acid, and distil the filtrate containing the selenium. 

Or, heat one gram of the finely powdered ore with 
a solution of potassium cyanide on the water bath for 
eight hours, and collect the precipitated tellurium on 
a tared filter. Add hydrochloric acid to the filtrate 
to throw down the selenium, filter it off, mix the 
filtrate with sodium sulphite solution, heat and allow 
to stand for twenty- four hours. The proportion of 
tellurium, which has been dissolved as potassium tel- 
lurate, .is thus completely precipitated. Collect the 
precipitate by filtering through the first filter used 
for gathering the tellurium, dry over the water bath 
and weigh. Treat the precipitated selenium in the 
same manner. 

If iron, copper or other metals are present, which 
form soluble compounds with the reagent, partly pre- 
cipitated by hydrochloric acid, eliminate them by 
dissolving the ore in acid, and add to the solution 
sufficient ammonium sulphide to dissolve the tellu- 
rium and selenium. Add hydrochloric acid to the 
solution, until complete precipitation is eff'ected, and 
treat the precipitated sulphides with potassium cyan- 
ide as described above. 



CHAPTER XIV. 



GERMANIUM. 



History and Mineralogy. — Germanium, thus 
called from the Latin name Germania, was discovered 
in 1886 by the distinguished chemist Clemens Wink- 
ler in a rare mineral, called argyrodite, which is 
found in the Himmelsfuerst mine near F'reiberg, 
Germany, and foims steel-gray monoclinic crystals 
of metallic luster, having the specific gravity 6.098. 
This mineral occurs also in form of a thin coat ing of 
pyrites or of argentite — a silver sulphide of the form- 
ula AggS — and carries then germanium to the extent 
of only 0.03 per cent. xVfter repeated analyses of 
argyrodite to the number of eight, which regularly 
differed by seven per cent., Winkler came to the con- 
clusion, that the discrepancy thus occurring must be 
due to the presence of some unknown element. F'ol- 
lowing this train of thought he succeeded by subse- 
quent careful ix?searches in isolating the metal, and 
in ascertaining the nature of its compounds. Finally 
he established the* following composition of the min- 
eral as the correct one: 
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Ag 74.72 

Ge 6.93 

S 17.13 

FeO 0.66 

ZnO 0.22 

Hg 0.31 

Total 99.97 

These figures correspond to the formula SAgoS 
GeSo not considering the small admixtures of iron, 
zinc and mercury, contained in the ore. Subse- 
quently it was found that the mineral euxenite, a 
niobate and tantalate of yttrium, uranium, erbium 
and cerium, also contained as a rule one-tenth per 
cent of germanium. 

A remarkable circumstance, connected with the 
discovery of the new element, was the fact that the 
Russian chemist MendeJejeff had predicted its exist- 
ence as early as 1871. He stated at that time in a 
treatise, since become famous, and referring to the 
relations existing between the properties of the ele- 
ments and their atomic weights, as follows: '^The 
ekasilicon (later named germanium by Winkler) 
forming the oxide EsOa, takes a i)osition in the per 
iodic system of the elements, intermediate between 
ekaaluminimi (now galiiiuu, also predicted by Men- 
dele jeff), and arsenic on the one hand, and on the 
other between silicon and tin. Its atomic weight 
will be found to be about 72, its specific gravity 5.5, 
and that of the oxide 4.7. The chloride of ekasilicon 
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will be a volatile luiuid, boiliiiji: at lOO"" (\ or prob- 
ably a little lower, and will possess a speeifie ji:ravity 
of 1.9. The ethyl compound of ekasilieon will boil 
at 160° C, and have a density of about ().9(j.'' 

In accordance with this i)rediction, the atomic 
weight of jjjermanium was found fifteen years later 
to be 72.32, its sj^ecific <2:ravity 5.460, that of *rerma- 
niuni oxide 4.708. the boilinjr point of jrermanic 
chloride Sij, that of <rermanium ethyl as 160" (\. and 
the specific p:ravity of the chloride as 1.8S7. 

Germanium belong;;, therefore, to the fourth 
group of the j)eriodic system of the elements, that 
is to the same seri<^s of which carbon and silicon are 
the first membei's, so that the main jrrouj) may be rep- 
resented as follows: 

Carbon of the atomic weit^ht. . . 12 
Silicon of the atomic weii^ht... 28.4 
Germanium of the atomic weight 72.3 

Tin of tho atomic weight IIS.I 

Lead of the atomic weight 206.91 

This conslt»lIation showed that the discovery of 
an element whose atomic wcMght would lie between 
those of tin and lead, and approached the figure 160, 
was yet to be acct^mplished, and this expectation was 
fulfilled in later veai^s ])v the discov«»rv of the metal 
erbium, of the atomic weight 166. 

Chkmistry and CoMMKKCiAi, PoiNTs.- -Metallic 
germanium of atomic weight 72.3 and specific gravity 
5.469, is a brittle, silver- white substance, resembling 
tin in its i)hysica! proi)erties and chenjical behavior. 
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It is very stable in the air, but burns, when heated 
in the gas flame, giving off white vapors, which con- 
dense on cooiing to the dioxide GeOg. The metal 
melts at 900° C, and crystallizes readily, on solidi- 
fying, into beautiful, grayish-white, metallic octa- 
hedra. It is insoluble in hydrochloric acid, and is 
converted by nitric acid into the hydrated dioxide. 

The production of the metal includes the prepara- 
tion of the dioxide from sodium sulpho-germanate, 
which is obtained by fusing the germaniferous min- 
eral with sulphur and soda, and extracting the 
sodium salt with water. The solution thus obtained, 
is treated with hydrochloric or sulphuric acid, when 
the sulphide, OeSo. separates out in form of a white • 
voluminous precipitate, which is insoluble in acids, 
but soluble in water. The sulphide thus produced 
is then either roasted or treated with nitric acid, 
when the dioxide results, which is reduced to the 
metallic state in a current of hydrogen, or fused 
with powdered charcoal in a wind furnace to obtain 
the metal. The price of this rare metal is quoted at 
$75 per gram, when in the molten state, and at $70 
when in the iorm of powder. 

Detection.- —Fuse the ore to be tested for ger- 
manium with sulphur and soda, dissolve the fusion 
in water, filter and add a few drops of hydrochloric 
acid to the filtrate containing the sulpho-salt. Filtei- 
off the white germanic disulphide thus precipitated, 
wash with strongly acidulated water, and heat the 
residue in a current of hydrogen, to reduce the di- 
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sulphide to gennanous sulphide, GeS, which is thus 
obtained in grayish-black crystals. Dissolve the lat- 
ter in hot hydrochloric acid, to form the dichloride 
GeClg, and conduct hydrogen sulphide through the 
tsolution to precipitate the characteristically colored 
reddish-brown germanous sulphide. 

Qualitative Determination. — Hydrogen sul- 
phide precipitates from solutions of germanous salts 
the reddish-brown germanous sulphide, soluble in hot 
hydrochloric acid, but from germanic solutions the 
white voluminous germanic sulphide, GeSo. The lat- 
ter is insoluble in acids, but readily soluble in water. 
(Characteristic reaction.) It is reprecipitated by the 
addition of acids, and especially on conducting a cur- 
rent of hydrogen sulphide through them. Germanic 
sulphide dissolves readily in the fixed alkaline 
hydrates and in ammonia, forming sulpho-salts. 
which are perfectly analogous to the corresponding 
sulpho-stannates. Caustic alkalies precipitate ger- 
manous hydroxide Ge(OH )o as a yellow colored 
compound from germanous solutions. It is soluble 
in hydrochloric acid. When adding solutions of alka- 
lies to a germanic salt, the white germanic hydroxide 
Ge(0H)4 or GeOfOIl)., si^parates out, which is sol- 
uble in the hvdrates and carbonates of the alkalies. 
but insoluble in acids. Germanium chloroform of 
the formula (lellCl.., analogous to ordinary chloro- 
form CIICIj, IS produced when metallic germanium 
is heated in a <»uri*ent of hydrochloric acid gas. It is 
a mobile liquid, boiling at 12° it becomes cloudy on 
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exposure to air, and gradually colorless, oily drops 
of germanium oxychloride of the formula GeOCL 
separate out. 

Quantitative Estimation. — This operation co- 
incides with the directions given under '* Chemistry 
and rommercial Points'^ and ** Detection. ' ' 



CHAPTER XV. 



URANIUM. 



History. — In the year 1789 the (lernian chemist 
Klaproth recognized in specimens of pitchblende Ihe 
presence of i.n nnknown metal, which he called 
uranium, from the planet Uranus. The ores tested 
by him were /ound near Johannjxeorjfenstadt in the 
mountain chain of Saxony, known as Erzjrebirjre (ore 
mountains), and at .Joachimsthal (Joachim's valley) 
in the Bohemian division of those mountains, which 
have furnished considerable uranium ore unto the 
present time. Sul)se<|uently the distinjjuished chem- 
ist Berzelius and many other prominent men of the 
profession investitrated the proiXM'ties of the metal 
and its compounds more closely and in 1840 the 
French chemist Pt^lijrot succeeded in isolatinjr metal- 
lic uranium ^Vom the chloride. 

CiiEMisTKv AM) (V)MMKK('iAL PoiXTs. — Metallic 
uranium of atomie weijrht 2^59.4 and specific j^ravity 
18.7 has a stet^l-jzray color, resemblin*; that of nickel. 
Its meltinfr point lies near 1500^^ ('., and its hardness 
surpasses slitrlitly that of wroujrht iron. It chancres 
into uranous-uranic oxide when heated in the air. 
The metal or its rarbide has the peculiar capability 
of imparting di»sirable properties to iron nv st(»eU. 
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when fused with the latter in low percentages, and 
for this reason it ranks prominently with other metals 
of this class, as chromium, nickel, molybdenum, tung- 
sten and vanadium. It is said to improve the tough- 
ness, hardness and elongation of steel and iron to a 
remarkable extent, when applied in the manner indi- 
cated, so that the alloy has been employed for the 
preparation of a superior gun metal, serving for the 
casting of heavy ordnance and armor plate. In con- 
nection with this observation it is remarkable to note 
that the addition of nickel to steel was primarily 
caused by the study of the composition of meteorites, 
which contain besides prevailing quantities of iron, 
small percentages of nickel. They are known for 
their extreme hardness and toughness, and hence 
gave the first incentive for experiments in that line. 
Furthermore uranium oxide possesses the prop- 
erty of imparting to glass a beautiful fluorescence of 
a greenish-yellow hue, and a flne velvety-black to por- 
celain, when heated in the enameling. It also finds 
application in the manufacture of Welsbach mantles, 
as it is considered a welcome addition in cases to 
the thorium, cerium and zirconium salts applied for 
that purpose. Uranium salts have been found lately 
to emit a light, resembling phosphoresence, which has 
the property of passing through thin sheets of alumi- 
num and cardboard of considerable thickness. This 
light partakes, therefore, of the qualities of the X- 
rays, and if a piece of pitchblende is placed on a 
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sensitized plato in a dark room a photograph of the 
mineral will be produced in the course of time. 

The manufacture of uranium compounds, as 
uranium oxide or sodium uranate, is naturally lim- 
ited to the treatment of pitchblende and that of 
carnotite, since these two minerals alone occur in 
commercial quanitites. In the first case the ore is 
to be freed of impurities, which consist mainly of 
sulphur, arsenic, lead and iron. To achieve this pur- 
pose the pitchblende is reduced to a fine powder, 
separated from the lighter earthy admixtures, roasted 
for a short time to remove part of the sulphur and 
arsenic, then dissolved in nitric acid, and the solu- 
tion evaporated to dryness. The residue is exhausted 
with water, and the solution filtered from a brick- 
red residue of ferric oxide, ferric arsenate, and lead 
sulphate. On e\aporating, the aqueous solution 
yields crystals of the nitrate, which may be obtained 
in pure condition by dissolving them in ether, and 
allowing the latter to vaporize. A subsequent re- 
crystallization can be efl'ected furthermore by dissolv- 
ing the salt in boiling water, when pure uranyl 
nitrate of the formula nOo(XO.,).^6Ii._,0 will sep- 
arate out. 

In the case of carnotite, tlie treatment consists 
primarily in a washing of the ore with water, so as 
to eliminate especially clayey matter, whose presence 
would interfei-e with the percolation of the sulphuric 
acid to be applied afterwards. The contents of uran- 
ium oxide in the ore havintj: been determined before- 
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hand a small excess of sulphuric acid and water is 
added, sufficient to decompose the mineral completely, 
tind the mixture heated, until the residue consists of 
nothing else but sandy matter. To ascertain this 
point an examination of the residue by means of a 
magnifying glass is advisable. 

When manufacturing on a large scale the washed 
ore is placed in a vat, heated by means of a coiled 
lead pipe, through which steam circulates, when the 
water and acid are added, and the mixture is heated 
to boiling. As soon as complete decomposition has 
been effected a considerable excess of sodium carbon- 
ate, approximately calculated beforehand, is added, 
also additional Avcter if necessary, and the steam 
turned on again. The addition of sodium carbonate 
in excess is made in order to bring the uranium 
values into solution. The boiling of the mixture is 
then continued for about fifteen minutes — all these 
-operations being performed in the same vat — and 
the yellowish solution thus resulting allowed to set- 
tle and clear. It is then siphoned into a precipitating 
vat, and thus separated from the pasty residue, con- 
taining mainly carbonates and hydrates of the earthy 
compounds present, when the yellow sodium uranate 
is thrown down from the now practically pure solu- 
tion by means of caustic soda. As the salt thus ob- 
tained is nearly insoluble in water, it is washed with 
the latter on cloth filters, or treated in a filter press 
to deprive it of its wash v/ater. This precipitation 
by means of (»aus:tic soda can also be applied to the 
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solution of uranyl nitrate, obtained by the treatment 
of pitchblende, in case it is intended to manufacture 
sodium uranate, which is a commercial article. If 
the process described above is properly conducted the 
iinal product obtained contains nearly 76 per cent, 
of the oxide UgOg. 

The pasty residue mentioned above, which con- 
tains much silica, alumina, lime and magnesia and 
small amounts of iron, serves for the preparation 
of artificial fullers' earth. It is mixed and ground 
for that purpose, while moist, in the proportion of 
four parts of the precipitate to five of the sand, and 
the mixture heated to drvness, when a substance re- 
suits which has all the properties of fullers' earth. 

It has been found advantageous to treat the ore 
in place and to ship the concentrates, since the high 
freight charges to New York, which is the usual ship- 
ping point, are too high to allow of railroad trans- 
portation for low grade oi'c. High grade ore is but 
rarely met with and hence shipments of this kind 
have been very limited. Chemically pure metallic 
uranium sells at if2 per gram and this price refers to 
the fused article only. The oxide brings between 
$1.25 and $1.60 per pound according to the percent- 
age contained m the ore, as becomes evident from 
the following table: 

Ores of 10 per cent U.Os $1.25 per lb. of oxide present 
Ores of 15 per cent. U-iOs 1.39 per lb. of oxide present 
Ores of 20 per cent. UiO^ 1.45 per lb. of oxide present 
Ores of 25 per cent. UjO^ 1.55 per lb. of oxide present 
Ores of 80 per cf'nt. U,Os 1.60 per lb. of oxide present 
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and higher in proportion. A 10 per cent, uranium 
ore would bring, therefore, $250 per ton of 2,000 
pounds. Pitchblende is valued in the same manner, 
that is according to. its contents in uranium oxide. 

Mineralogy. — A great number of uranium bear- 
ing minerals occur in nature, but those of commercial 
importance are limited to two, namely uranite or 
pitchblende, and earnotite, both of which occur in 
available quantities only in the state of Colorado. 
These two minerals alone will, therefore, find consid- 
eration in the following lines. 

Pitchblende, the naturally occurring compound of 
uranous and uranic oxide, corresponding, when in 
pure condition, to the formula UO^, 2UO;,=:=Uy08, is 
found in the Wood mine, German lode, and Kirk mine 
of Gilpin county, Colorado, in pockety formation, and 
associated with a large number of foreign bodies, the 
most prominent of which are iron and copper pyrites. 
The mineral is also known to occur in the Bald moun- 
tain district of the Black Hills, South Dakota, but 
only in very limited amounts of low percentage. 
Pitchblende occurs as a rule in massive form, but is 
occasionally found in the crystallized condition when 
it forms dark brown translucent crystals. Its frac- 
ture is conchoiclal to uneven, its hardness 5.5, and its 
specific gravity varies between 8 and 9.7, so that it 
may be readily recognized by its extraordinary heft. 
It occurs frequently, however, in altered form, that is 
partly or entirely changed by the effects of the atmos- 
phere and moisture into the yellow hydrated oxide. 
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whereby its specific gravity becomes lowered, and its 
color varied into canary-yellow or a somewhat darker 
reddish shade. Uraninite, when pure, is opaque, of 
a velvety-black to grayish appearance, has a sub- 
metallic, greasy or pitch-like, dull lustre, and gives 
a streak verging from brownish-black to grayish and 
olive-green. The variety from Colorado has a specific 
gravity of 8.07, is compact and usually associated with 
iron pyrites. It contains, like most of the uraninites, 
a certain percentage of the rare gaseous element argon, 
which was mistaken for nitrogen when first discov- 
ered, and is now known to be present also in slight 
amounts in the atmosphere. The following analyti- 
cal data will make these points more clear: 



Uraninite from Colorado. 

UgOg 83.71 per ceiil. 

ZrOa 7.59 per cent. 

CeO. 0.22 per cent. 

PbO 0.70 per cent. 

CaO 0.84 per cent. 

ZnO 4.72 per cent. 

Argon .... 0.15 per cent. 
HjO 1.96 per cent. 

99.89 



Uraninite from 
Joachimsthal. 

UaOs 76.0 per cent. 

S 0.6 per cent. 

FeO 3.1 per cent. 

Pb 4.2 per cent. 

CaO 5.2 per cent. 

^IgO 2.0 per cent. 

CO^ 3.3 per cent. 

SiOo 3.5 per cent. 

ir.O 1.3 per cent. 

99.2 



Pitchblende is also known to occur, besides the 
localities mentioned, in the Cornwall mines of Eng- 
land, associated with niunerous other minerals, but 
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the productivity of these mines is said to be rather 
limited in recent years. 

The second uranium mineral of importance is 
carnotite, thus called from the French scientist Car- 
not, which is essentially a uranyl potassium vana- 
date, contaminated with calcium and barium com- 
pounds, and a mixture of silicates containing vana- 
dium. The pure mineral constitutes a loosely coher- 
ing mass of yellow color, which leaves traces when- 
ever touched or placed. Deposits of carnotite occur 
in Montrose, San Miguel, Dolores and Montezuma 
counties, Colorado, those of Montezuma having been 
discovered recently. Further extensions of the ore 
bodies have been traced across the boundary line into 
Utah near Moab, but these are of very low grade 
and of little significance. The entire productive area 
comprises a territory of about a hundred squai^e miles, 
and may be divided into four districts, namely those 
of La Sal creek, Roc creek, Hydraulic and ]\lclntyrc 
canon. The ore obtained at La Sal creek is character- 
ized by the presence of molybdenum compounds, that 
of Roc Creek by its copper contents, the mineral from 
Hydraulic by its percentages in lime, and that of 
Placerville by the presence of roseoelite — a vanadium 
mica, in which the values in vanadium pentoxide 
range upward to twenty-nine per cent. Carnotite is 
usually found disseminated through sandstone in flat- 
lying streaks of a few inches thickness, which fre- 
quently disappear when followed into the hillside. 
Occasionally pocket}^ formations are encountered in 
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these layers, which contain the hijzh ^racle ore carry 
inp: in cases up to fifty-five per cent, of uranium 
oxide, but the greater portion of the deposits contain 
as a rule only a percentage of that compound varying 
between two and four. The composition of the min- 
eral is as follows: 



Carnotite from Roc 
Creek. 

Per Cent. 
Insoluble residue . . 7.10 

UO, 54.81) 

V ( ) 18 49 

PjO*. O.SO 

AS2O5 Trace 

Fe^Oa 0.21 

Cab 3.34 

SrO . : 0.02 

BaO 0.90 

MgO 0.22 

K.0 6.52 

Na,0 0.14 

Ligb Trace 

H2O 105° C 2.43 

IIoO 350° C 2.11 

IIoO+350° C None 

PbO 

CuO 

SO3 

MoO,, 0.18; SiO.„ 

Tib.., 0.03 ; CO., 0.56=: 

98.46. 



0.13 

0.15 

Non«j 

0.15; 



Carnotite from La Sal 
C^reek. 

Per Cent. 
Insoluble residue ..10.33 

UO, 54.00 

V.,0 18.05 

P..0, 0.05 

As^O-, None 

Al.,0.'. 0.29 

Fe.,0 0.42 

Cab 1.8^) 

SrO Trace 

BaO 2.83 

MgO 0.14 

K..0 5.46 

Na.O 0.13 

Li..b Trace 

1I..0 105° C 3.16 

ILO 350° C 2.21 

HoO+350° C None 

PbO 0.07 

CuO Trace 

S0.{ None 

IMoO.j 0.05 

SiO..' 0.20 

Ti()„ (H).., n()ne=99.25. 



Detection. — Borax and microcosmic salt jrive with 
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uranium compounds in the inner flame of the blow- 
pipe green beads, in the outer flame yellow beads, 
which acquire a yellowish-green tint on cooling. The 
oxides of uranium are not reduced by fusion with 
sodium carbonate on charcoal. 

Qualitative Determination. — Uranous salts are 
powerful reducing ag:ents. They are green, or green- 
ish-white, and yield green aqueous solutions. 

(NH4)2S forms a black precipitate of uranous 
sulphide, US. 

NH4OH, KOH or NaOH throw down red-brown 
gelatinous uranous hydrate, U(0H)4. 

K2CO3, NagCO.j or (NH4)2C03 precipitate gr.»on 
uranous hydrate, soluble in excess, especially in ex- 
cess of (NHJ2CO3. 

Uranous salts become oxidized to uranic salts by 
exposure to air, or by treatment with nitric acid or 
other oxidizing agents. Gold and silver salts are 
speedily reduced by them, and ferric salts are re- 
duced to the ferrous state. 

Uranic salts are yellow, mostly soluble in water, 
and are reduced to uranous salts by HgS, alcohol, 
ether and sunlight. 

(NH4)2S produces in the cold a chocolate-brown 
precipitate of uranyl sulphide, containing also am- 
monium sulphide and water. It is insoluble in yellow 
ammonium sulphide. On warming or boiling the 
liquid containing the uranyl sulphide (U02)S, the 
precipitate splits up into sulphur and black uranous 
oxide, UO, which is insoluble in excess of (NH^)^^. 



V 



URANIXJM. 125 

Uranyl sulphide dissolves readily in neutral am- 
monium carbonate. (Method for separating? U from 
Zn, Mn and Fe.) 

NH4OH, KOH or NaOH produce a yellow precipi- 
tate, consisting of acid uranate of the alkali metal, 
which is insoluble in excess of the precipitant, and u« 
not precipitated in the presence of tartaric acid. 

The ammonium precipitate is soluble in a solution 
of ammonium carbonate, and ammonium sulphide 
does not precipitate the uranium from this solution. 

K2CO3, Na^CO., or (NHJ^CO,, give a light yeUow 
precipitate, consisting in the case of potassium car- 
bonate of potassium uranic carbonate, readily soluble 
in an excess of the precipitant. By treating the 
liquid with dilute sulphuric acid, as long as effer- 
vescence takes place, an acid uranate is preciptated. 
(Method of separating U from Al and Fe.) 

BaCOg completely precipitates a solution of a 
uranic salt, even in the cold. (Separation of U from 
Ni, Co, Mn, Fe and Zn.) 

K^FeCye produces a reddish-brown precipitate. 
(Most delicate special reaction.) 

Metallic zinc does not precipitate metallic uranium 
from its solutions. 

Quantitative Estimation. — Dissolve one gram oi* 
the finely pulverized ore supposed to contain uranium 
values in five cubic centimeters of nitric acid and add 
a little water, and heat. If complete decomposition 
cannot be effected in this manner, add five cubic centi- 
meters of sulphuric acid and heat until the ore is en- 
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tirely decomposed. Take up with water, and with- 
out filtering, supersaturate the solution with sodium 
carbonate. Boil for about ten minutes, when the com- 
plete solution of the uranium compound in the excess 
of sodium carbonate will have taken place. Filter 
to remove the metallic carbonates and alumina pre- 
cipitated, and add to the clear filtrate a concentrated 
solution of caustic potash, to throw down the uran- 
ium as potassium uranate, which has a deep yellow 
color, and is insoluble in water. Filter, dissolve the 
precipitate on the filter in dilute nitric acid, over- 
saturate the solution thus obtained again with sodium 
carbonate, and boil to remove the small amount of 
ferric iron, which is always carried down during the 
first prt^cipitation. Repeat the latter, employing 
cmustic potash, filter, wash, dissolve the potassium 
uranate on the filter in dilute nitric acid, and throw 
down the yellow ammonium salt from the solution by 
means of ammonia in excess. Filter off the precipi- 
tate, wash, incinerate and glow in an open crucible, 
cool and weigh the green oxide U308=U02 2UO3 of 
the molecular weight 846.2, and calculate from the 
wiMglit of th(^ latter the percentage of uranium values 
prx^sent. 

In case the mineral to be analyzed contains cop- 
per, it is better to remove that metal first from the 
acid solution of the mineral by saturating it with 
hydrogen sulphide, to filter oft* the sulphide precipi- 
tated, and to heat the filtrate under the addition of 
a few drops of nitric acid and a little potassium 
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chlorate, to oxidize it, when the li(iuid is treated with 
excess of sodium carbonate, as described above. 

Should arsenic acid be present in the solution ob- 
tained by dissolving the mineral in acid, it is advis- 
able to reduce that compound to arsenious acid by ad- 
ding sulphurous acid to the liquid and heating. If 
then, after cooling, a current of hydrogen sulphide is 
conducted through the solution, the arsenic is im- 
mediately precipitated by the gas. 

(See Appendix.) 



CHAPTER XVI. 



INDIUM. 



History. — Indium belongs to a series of metaU 
whose existence was ascertained by spectrum analysis. 
It was discovered by means of the spectroscope in 
1863 by Reich and Richter on examining zincblende 
from Freiberg. The ore employed by them consisted 
chiefly of blende, galena and arsenical pyrites, and 
was first roasted to expel sulphur and arsenic, when 
it was treated with hydrochloric acid, and the result- 
ing solution evaporated to dryness. The impure 
chloride thus obtained, exhibited, when examined by 
the spectroscope, only one indigo-colored line, but 
when it had been purified and the hydrate and the 
metal itself been prepared, and then subjected to 
spectrum analysis, the first observed line was seen in 
great brilliancy, and with it appeared a second fainter 
blue line. Consequently the metal received its name 
from these two indigo-blue lines, which are character- 
istic of the indium spectrum. 

Chemistry and Commercial Points. — Indium of 
atomic weight 113.4 and specific gravity 7.42 is a sil- 
ver-white metal, devoid of crystalline structure, re- 
sembling platinum in appearance. It is easily mal- 
leable, since it is softer than lead, and marks paper 
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most readily. Its meltin": point lies at 176'' C, but 
it is nevertheless less volatile than zinc or cadmium, 
whose melting points are 335° C. and 320° C. re- 
spectively. Indium retains its lustre, when exposed 
to the effect of the air or boiling water, imparts a 
violet tint to an incandescent gas flame, and oxidizes 
before the blowpipe, coloring the flame bhie. It di>> 
solves slowly in hydrochloric and sulphuric acids, b\it 
readily in nitric acid. Chemically indium belongs to 
the earth-metals, of which aluminum is the character- 
istic element, forming an alum of the formula In., 
(804)3 (NHJ,SO,-f24 HoO with ammoni\mi, but not- 
so with sodium or potassium. It is easily reduced from 
its oxide In^O., by heating the latter in a current of 
hydrogen, and is precipitated from solutions by cad- 
mium and zinc. Metallic indium may be bought from 
Messrs. Eimer & Amend, New York, at $5.50 per 
gram, the high fig\ire demanded for the metal being 
caused by it« extraordinary scarcity. 

Indium does not occur native, but is found in min- 
ute q\iantities in zincblende, notably in that from 
Freiberg, Germany, also in the calamine from Onela 
in the province of Bergamo, Italy, which is said to be 
rich in indium, comparatively speaking. It is best 
prepared, however, from the spelter of indiferous 
blendes, which is treated with a q\iantity of hydro- 
chloric acid not sufficient to dissolve it entirely, when 
the residue thus obtained will contain all the indi\im 
originally present. 

The zinc from the Freiberg mines contains, be- 
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sideH a small amount of lead, iron, arsenic and cad- 
mium, 0.0448 per cent, of indium. To separate the 
latter, the zinc is dissolved in dilute sulphuric or hy- 
drochloric acid, and boiled until the evolution of gas 
ceases. When the precaution is taken to leave a little 
zinc undissolved, as pointed out before, the metallic 
precipitate remaining contains all the indium pres- 
ent with the lead. The residue is then dissolved in 
nitric acid, and the indium precipitated from the cold 
solution as oxide by means of barium carbonate. The 
oxide is reduced to the metal by ignition in a current 
of hydrogen. 

The preparation of indium from indiferous zinc- 
blende is carried out by first roasting the mineral 
thoroughly, boiling the residue with dilute sulphuric 
acid, filtering, nearly neutralizing the filtrate with 
sodium carbonate, and then placing clean plates of 
zinc into the solution. The precipitate thus formed 
is removed from time to time from the zinc by scrap- 
ing, thus facilitating the treatment for indiiun values 
according to the method indicated above. 

To obtain indium in pure condition, the precipi- 
tate obtained by dissolving the spelter in acid and 
washing, is dissolved in nitric acid, part of the lead 
present i*emoved by the addition of STilphuric acid, 
and the I'est by means of hydi\>gen sulphide, together 
with metals of the second group like arsenic and cad- 
mium or others. Potassium chlorate is then added 
to the filtrate from the sulphides, and the latter 
heated to Iwiling, the liquid cix^led, and then treat«Hl 
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with an excess of ammonia. In this manner much of 
the zinc present enters into solution, while a small 
amount is carried down by the precipitated iron and 
indium oxides. These are separated from the liquid 
by filtering, dissolving in dilute acetic acid, and the 
solution thus obtained again treated with hydrogen 
sulphide. This dissolving and precipitating operation 
is repeated seven times, when the still impure indium 
sulphide is dissolved in hydrochloric acid, and the 
ferric chloride present is reduced to the ferrous state 
by means of hydrogen sulphide. Barium carbonate 
is then added, to precipitate the oxide, w^hich sep- 
arates out within twenty-four hours, contaminated 
with the barium compound. This mixture is first 
heated at a low temperature and then at a higher de- 
gree of heat in a current of hydrogen, the gas being 
passed slowly, when the pure metal will be obtained 
in small silver- white globules, which are mechanically 
separated from the barium salt, and fused into a but- 
ton Tinder potassium cyanide. 

Detection. — Roast the zincblende for two hours, 
dissolve it in hydrochloric acid, introduce metallic 
zinc, and boil the solution until the precipitation is 
complete. Filter, wash, dissolve the precipitate in 
aqua regia, and remove the metals of the second 
group by conducting hydrogen sulphide through the 
liquid to saturation. Filter and precipitate the in- 
dium, as oxide, lUoOg, by barium carbonate. In order 
to remove any iron, eventually present, redissolve 
the precipitate, heat the solution with sodium sul- 
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phite, and digest with barium carbonate in a covered 
vessel. The oxide thus resulting may then be reduced 
to the metallic state by heating in a current of 
" hydrogen. 

QuaijItative Determination.— Indium and its 
compounds impart to the flame a peculiar bluish tint. 
When examined with the aid of the spectroscope two 
characteristic blue lines will be seen, a bright one in 
the blue, and a feebler one in the violet field of the 
spectrum. They are, however, very transient. The 
sulphide gives more persistent lines than the chloride. 

H2S produces no precipitate in the presence of a 
strong acid. Indium is, however, precipitated like 
the metal zinc, from slightly acid solutions, or in the 
presence of acetic acid. The slimy precipitate of in 
dium sulphide, lUaSg, is of a fine yellow color. 

_ (NH4)2S produces at first a white precipitate 
from a solution containing ammonium tartrate, said 
to consist of lUaSg and hydrogen, which turns yellow 
on the addition of acetic acid. The sulphide is in- 
soluble in cold, but soluble in hot ammonium sulphide, 
and on cooling it separates out again of a white color. 

NH.OH, KOH or NaOH produce a white bulky 
precipitate of indium hydrate. In (OH) 3, resembling 
aluminum hydrate, quite insoluble in NH^OH or 
KOH. The presence of tartaric acid prevents the 
precipitation. 

Alkaline carbonates precipitate white gelatinous 
carbonate. When recently precipitated it is soluble 
in ammonium carbonate, but not in the fixed alka- 
line carbonates. On boiling, indium carbonate sep- 
arates out again. 



CHAPTER XVII. 



GALLIUM. 



History. — (iallium was discovered in 1875 by the 
French chemist Ijccoq de Boisbaudran in zincblende 
found near the town Pierrefitte, situated in the valley 
of Argeles, Ilautes-Pyrenees, which contained about 
0.002 per cent, of the metal. He named the new 
element *' gallium'' from Gallia, the Latin name of 
his countrv. His attention was called to the existence 
of the metal by two characteristic lines appearing in 
the spectrum, when testing the blende by the spectro- 
scope. Mendelejeft* had, as in the case of germanium, 
predicted the existence of gallium, judging from the 
gap occurring in the aluminum group of metals, as 
i*ep resented in the periodic system of the elements, 
and had foretold its atomic weight to be 68 and its 
specific gravity 5.8. In the beginning of his investi- 
gations Boisbaudran, who had only sixty milligrams 
of the metal at his disposal, found its specific gravity 
to be only 4.7 at 15° C. : later, however, when he was 
in possession of larger ([uantities of gallium, he de- 
termined the specific gravity of the metal as 5.9, a 
result which came very close to the figure predicted 
bv the R\issian chemist. 

Chemistry and Commercial Points. — (f allium, of 
atomic weight 69 and specific gravity 5.9, is a bluish- 
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white, hard and tough metal, which fuses at the ex- 
tremely low temperature of 31° C. to a silver-white 
liquid. Hence it melts, if held in the hand, and has 
been found to adhere, when in this condition, to glass, 
forming a mirror of greater w^hiteness than that pro- 
duced by tin amalgam. A globule of the molten 
metal may be kept in a fluid state for a long period, 
but will solidify into a crystalline mass, consisting 
of octahedra, as soon as touched by a crystal of gal- 
lium. The metal is slightly malleable, oxidizes super- 
ficially on exposure to the atmosphere, and does not 
volatilize appreciably at a red heat. Nitric acid has 
no effect upon gallium in the cold, but hydrochloric 
acid or a solution of potassium hydrate dissolve it 
readily, its behavior in this regard being similar to 
that of aluminum. It forms an ammonium alum of 
the generic formula Ga,(SOJ, (NHJ. SO,+24H2C), 
but no such compound with potassium or sodium, and 
belongs to the aluminum or third group of the peri- 
odic system of the elements. 

Gallium occurs in certain zincblendes, the richest 
being those of Luedrich and Apfel near Bensburg, 
Germany, which contain about one part in sixty 
thousand, and are of the black variety, commonl}^ 
known as blackjack. Subsequently it w^as found to 
exist also in very limited quantities in zincblende of 
other localities, those from Asturia f. i. being known 
to contain appreciable amounts of the metal. 

The extraction of gallium from its ores is accom- 
plished by digesting the blende in a mixture of five 
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parts hydrochloric and one part nitric acid, and boil- 
ing the solution thus obtained, until the greater part 
of the nitric acid is expelled, when slips of pure zinc 
are immersed in the solution, and withdrawn when 
the evolution of hydrogen has almost, but not entirely 
ceased. Most of the copper, lead, cadmium, iridium, 
thallium, silver, mercury, selenium and arsenic hav- 
ing been removed in this manner, a large excess of zinc 
is added to the clear fluid, which is then boiled for 
some hours, with the result that a bulky gelatinous 
precipitate comes down, containing alumina, basic 
salts of zinc and gallium. This precipitate is redis- 
solved in hydrochloric acid, ammonium acetate is 
added, and the alumina precipitated with hydrogen 
sulphide. The hydrochloric acid solution of the 
white sulphides is fractionally precipitated with 
sodium carbonate, the gallium being found in the 
first portions. The point when the precipitation 
should be stopped is easily recognized by observing 
the spectrum of gallium, which is characterized by 
two violet lines. 

The gallium is separated from the zinc, yet mixed 
with it, by solution in sulphuric acid and addition of 
excess of anmionia. Much of the gallium remaining 
dissolved in the ammonia, it is recovered by boiling 
till the excess of the latter is expelled. The excess 
of ammonium salts is then neutralized with aqua 
regia, and the gallium and zinc are separated by 
fractional precipitation with sodium carbonate. The 
pure gallium oxide precipitated by ammonin is dis- 
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solved in potash or in sulphuric acid under the ad- 
dition of ammonia, and the solution decomposed elec- 
trolytically, when the metal gallium appears on thv3 
negative platinum electrode. Five or six Bunsen cells 
are able to decompose 20 or 30 c.c. of a strong solu- 
tion, and the deposited metallic gallium is readily 
removed from the platinum electrode by bending it 
under cold water. 

Metallic gallium is rather costly, since a gram of 
the genuine article brought $105 a few years ago, 
which figure has been reduced, however, to one-fifth^ 
that is $21. 

Detection. — Dissolve ten grams of the blende to 
be tested for gallium in aqua regia, expel the excess 
of acid by boiling, and introduce pure zinc into the 
solution in the cold. Filter the liquid while there is 
yet a notable evolution of hydrogen, and boil the fil- 
trate with zinc. Wash the precipitate formed with 
water, dissolve it in hydrochloric acid, and test the 
solution, which has been concentrated as far as pos- 
sible, by the spectroscope. If necessary the opera- 
tion of boiling with zinc is repeated on the first white 
deposit formed. 

Qualitative Determination. — Metallic zinc with- 
draws readily one-sixth of a milligram of gallium 
from a litre of liquid, even in the presence of many 
foreign substances, the drawback being the difficulty 
of procuring really C. P. zinc. Metallic copper exacts 
the same sensitiveness in this respect as zinc, also 
cuprous oxide and cupric hydrate. 
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Potassium ferrocyanide precipitates very diminu- 
tive amounts of gallium from its solutions. 

Hydrogen sulphide precipitates gallium only 
from acetate solutions. 

Quantitative Estimation. — This estimation con- 
sists in the isolation of the metal as indicated above, 
drying and weighing the metallic gallium. 



CHAPTER XVIII. 



VANADIUM. 



History. — Vanadium, thus called from a surname 
of the Scandinavian goddess Freya, was discovered 
in 1830 by the chemist Sefstroem in a specimen of 
iron obtained from the ores at Taberg, Sweden, and 
was subsequently produced in larger quantities from 
the slags of the Taberg blast furnaces. 

Del Rio, who previously analyzed the lead ore of 
Zimapan in Mexico, announced to have found a ne^v 
metal in that mineral, which he called erythronium, 
meaning a kind of plant, since vanadic acid has a 
red color. In consequence of the demonstrations and 
objections of Collet Descotils, he changed, however, 
his opinion and declared that the metal was to be con- 
sidered as an impure chromium. They were induced 
to this assumption by the color of chromic acid, which 
is also red. 

After the discovery of vanadium by Sefstroem, 
Woehler proved first the presence of the metal in the 
Mexican ore, and Johnson identified later an ore oc- 
curing at Wanlockhead in Scotland as vanadinite. 

In 1831 Berzelius investigated the compounds of 
vanadium more intimately, prepared also the metal, 
and characterized the element as being related to 
chromium and molybdenum. 
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This view was first attacked by Rammelsberg and 
Schabus, who showed that vanadinite is isomorphous 
with pyromorphite and apatite, and in 1867 Roscoe 
proved that the highest form of oxidation of vana- 
dium was not VO3 but VoOa, a-nd also that vanadium 
did not belong to the series of chromium and molyb- 
denum, but to that of phosphorus, arsenic and anti- 
mony. Vanadium is therefore found in the fifth 
group of the periodic system of the elements, which 
is headed by nitrogen and phosphorus. 

•Roscoe showed furthermore that the substance 
taken for free vanadium by Berzelius consisted partly 
of vanadium nitride and partly of the dioxide V^Oo, 
and that the vanadium chloride of Berzelius had been 
actually a vanadium oxychloride, VOCI3, analogous 
in composition to phosphorus oxychloride of the form- 
ula POCI3. He also succeeded in preparing metallic 
vanadium in pure condition. 

Chemistry and Commerciaij Points. — Vanadium 
of the atomic weight 51.2 and the specific gravity 5.5 
is a light, grayish-white metal of silver-white luster, 
which is stable in air, and is not affected by water at 
ordinary temperatures. Its reduction from the pen- 
toxide to the metallic state is best accomplished by 
heating the oxide in an electric furnace \inder the 
addition of reducing agents. It is not volatilized at 
a strong red heat, and is difficultly fusible, but burns 
brilliantly when heated in air or oxygen or thrown 
in powder form into a flame. The metal unites read- 
ily at a red heat with nitrogen, forming the mononi- 
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tride, is insoluble in hydrochloric acid or aqueous 
alkalies, but is attacked by sulphuric acid, and readily 
dissolved by dilute or concentrated nitric acid. When 
fused with caustic soda, hydrogen is evolved, and 
sodium vanadate produced. 

Vanadiferous iron ores are treated for their con- 
tents of the pentoxide VoO^ by mixing the finely pow- 
dered mineral with nitre, and heating the mixture in 
a fireclay crucible to complete fusion. The cooled 
mass, which contains the vanadium compounds pres- 
ent in the form of potassium vanadate, is then treated 
with boiling water, the solution thus obtained filtered, 
nearly neutralized with nitric acid, and mixed with 
a solution of barium chloride or nitrate, so as to pre- 
cipitate the insoluble barium vanadate. This com- 
pound is separated from the liquid by filtration, 
washed with water and decomposed by heating with 
dilute sulphuric acid. The acid liquid thus result- 
ing is then filtered from the precipitated barium sul- 
phate, neutralized with ammonia, concentrated by 
evaporation on the water bath and cooled. Solid 
pieces of ammonium chloride are then introduced into 
the solution, when ammonium metavanadate, which is 
soluble in water, but insoluble in a concentrated sohi- 
tion of ammonium chloride, gradually separates out 
on prolonged standing. The vanadate thus obtained 
is then filtered off, washed with a concentrated solu- 
tion of ammonium chloride, dried, and gently heated 
in an open crucible, when vanadium pentoxide of a 
rusty-red color remains, which may be brought to 
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fusion by further heating and resolidified by coolin«j. 

The vanadates and hypovanadates have found ap- 
plication in the printing of calico, and in fixing ani- 
line-black on silken fabric. They are used for this 
purpose frequently in conjunction with sodium chlo- 
rate, when the vanadium compound present acts as 
an oxygen carrier in the formation of the aniline- 
black, only an extremely small quantity of the reagent 
being required for a large amount of aniline. To pre- 
pare a solution answering this purpose, the slags ob- 
tained in the course of the Thomas-Gilchrist process 
are sometimes employed. The latter serves for the 
elimination of phosphorus from the charge of iron 
ore in the converter, and the slags thus produced con- 
tain, in case the raw material employed is vanadifer- 
ous, frequently a percentage of vanadium approach- 
ing 1.5 per cent. In order to obtain these values 
from the slag, one kilo of the roughly broken mater- 
ial is treated with a litre of hydrochloric acid of 21' 
to 22* Beaume, which quantity is purposely chosen, 
as it is insufficient to decompose the entire amount of 
the slag. Without stirring the mass, three litres of 
water are then added, and the whole is allowed to re- 
act for two days. The solution thus resulting, which 
has a specific gravity of about 27* Beaume at Se"* C, 
is decanted and diluted to 15° Beaume, when it may 
be used directly for the production of aniline-black. 

The vanadates are also employed to some extent 
for the preparation of an indelible ink, which is ob- 
tained by the addition of gallic acid to a mixture of 
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neutral ammonium metavanadate and gum water. 
The liquid thus produced is not attacked by acids, 
alkalies or chlorine, but does not appear to be quite 
permanent. Futhermore the oxides of vanadium are 
utilized in the decoration of porcelain and pottery, 
when they give a fine golden color of a greenish tinge, 
if fired in the enameling furnace at a high red heat. 
In order to obtain the vanadium values contained 
in cat^notite, which mineral was described under the 
caption *' Uranium,'' the material, powdered to thirty 
mesh, is mixed with twenty per cent, of common salt, 
and the mass heated for half an hour at a gentle 
red heat in the bed of a reverberatory furnace, or, if 
working on a small scale, in an open roasting dish 
in an assayer's muffle. On lixiviating the sintered 
mass with the smallest amount of cold distilled water 
sufficient for solution, the vanadium values enter into 
solution as sodium vanadate, while the uranium com- 
pounds remain undissolved. The clear solution is 
then mixed with a calculated amount of caustic soda, 
which is dissolved in a small quantity of distilled 
water — all the distilled water used being obtained as 
a by-product — when sodium vanadate of a whitish 
color, and corresponding in composition to the form- 
ula Na^VO^ nlljO is instantly precipitated. This 
salt settles readily in the precipitation vat, and is 
slightly washed with distilled water, after the removal 
of the supernatant liquid by means of a siphon pump. 
The product obtained in this manner is then dissolved 
in dilute nitric acid, and the hvdrated vanadium 
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l)entoxide, which has a deep yellow color, precipitated 
from the solution by the addition of, an excess of am- 
monia. The pentoxide, which is recovered in a partly 
dried condition by means of a filter or a filter press, 
represents the **vanadic acid'' of the trade, and is 
brought on the market as such after further drying. 
This compound brought a few years ago $9 per pound, 
but has fallen in price to $1 for that quantity in con- 
sequence of the discovery of vanadium ores in Colo- 
rado. 

The most important use of vanadium in manufac- 
tures consists, however, in its utilization as an alloy- 
ing material for iron and steel, since the addition of 
a very small amount of the metal increases essentially 
the malleability and hardness of steel after temper- 
ing. In this manner a ready method is given for 
preparing sheet steel and armor plates possessing a 
very hard surface, but a soft interior. Even if only 
one-half per cent, of metallic vanadium to the ton 
is introduced into iron, its effect is such as to increase 
the tensile strength of the metal from 7.5 to 13 tons 
per square inch — a result which represents the mean 
of twenty-five experiments. These favorable results 
have led to the manufacture of metallic vanadium 
and ferrovanadium, which latter product is more 
readily incorporated into the bath of iron or steel to 
be improved, so that a limited demand for vanadium 
ores has been created, especially in the Liverpool and 
London markets. A complete analysis is, however, 
required by the English buyers beforehand, and since 
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the concentration of vanadinite f . i. from its gangue 
appears to be accompanied with gyeat difficulties, but 
little shipping has been done unto the present. 

Mineralogy. — Of the vanadium minerals roscoe- 
lite is the most important. It occurs in minute, scales, 
and often in stellate or fan-shaped groups, which 
have a color verging between dark clove-brown to 
greenifih-brown and dark brownish-green. Its struc- 
ture is micaceous, its cleavage perfect, and its specific 
gravity varies between 2.92 and 2.94. The mineral 
is soft, has a pearly luster, and is translucent. It 
may be practically considered as a vanadium alum- 
inum silicate. Before the blowpipe it fuses easily to 
a black glass, and gives with salt of phosphorus a 
dark yellow bead in the oxidizing flame, while the lat- 
ter assumes an emerald green coloration in the reduc- 
ing flame. 

The composition of roscoelite is given by the fol- 
lowing analytical data: 

SiO.. 41.25 per cent. 

V2O5 28.85 per cent. 

AloOg 14.34 per cent. 

FCoOa 1.04 per cent. 

MuoOg 1.45 per cent. 

MgO 1.96 per cent. 

CaO 0.61 per cent. 

KoO 8.25 per cent. 

Na,,0 0.72 per cent. 

IIoO 3.06 per cent. 

101.53 
Specific gravity, 2.902. 
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A variety of roscoelite is said to occur in the Mag- 
nolia district, Colorado, as a thin earthy incrustation 
of a grayish to olive-green color on calaverite, and 
inclosed in quartz, to which it imparts a green color 
An analysis of this variety gave: 

SiOo 56.74 per cent. 

AI263 19.62 per cent. 

V2O5 7.78 per cent. 

FeO 3.84 per cent. 

MgO 2.63 per cent. 

NaoO 0.94 per cent. 

K2O 8.11 per cent. 

MnO Trace 

LioO Trace 

99.66 

Roscoelite is furthermore known to occur at Gran- 
ite creek, near Coloma, Eldorado county, California, 
where it is found intimately mixed with gold in seams 
one-tenth to one-twentieth inch thick in porphyry, 
and filling cavities in quartz. Its occurrence has also 
been observed at the Big Red ravine, near Sutter's 
mill, and at the Granite creek locality, California. 

Roscoelite occure also associated with carnotite in 
the Placerville district, San Miguel county, and in 
the western part of Montrose county, Colorado, as 
stated under *' Uranium.*' The percentages of vana- 
dium pentoxide, contained in the roscoelite of these 
two localities, vary between twenty-one in Montrose 
county and thirteen neai' Placerville for very rich 
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ore, the percentage of VoOr, being as a rule one-fifth 
of the contents in uranium oxide. 

Another vanadium mineral, known as vanadinite,^ 
occurs in commercial quantities in Arizona and New 
Mexico. It is virtually a vanadate of lead combined 
with an inferior portion of lead chloride, the pure 
mineral containing 90.3 per cent, of the former, and 
9.7 per cent, of the latter. The Arizona and New Mex- 
ico varieties show the following composition, the 
jiresence of arsenic and phosphorus pentoxide in the 
mineral being usual : 

Vanadinite from Ari- Vanadinite from New 

zona. Mexico. 

V.O, 16.98 per cent. VoO, 17.37 per cent. 

As^O., .... 3.06 per cent. AS2O5 .... 0.24 per cent.. 

P.,0, 0.29 per cent. P0O5 0.57 per cent. 

Pbd 77.49 per cent PbO 79.43 per cent. 

CI 2.41 per cent. CI 2.39 per cent. 

FOnOj, .... 0.48 per cent. Fe..O.{ None 



100.71 100.00 

Si>ocific gravity, 6.572. Specific gravity, 6.862. 

The mineral is found principally at the Hamburg: 
and Melissa mines in Yuma county, at the Vulture 
and Phivnix in Maricopa county, at the Black Prince 
mid Mammotli, T^inal county, and in the Humbug dis- 
triet, Yavapai county, Arizona. In New Mexico it 
ocouiN at Lake Valley, Sierra county, and in the Mim- 
hn*s mines near (icorgetown. It is met with further- 
u\on\ but only sparingly, in Montana at the Bald 
Mountain mine, in Beaver county. 



v 
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A variety of vanadinite, known as endlichite, and 
thus named from Dr. F. M, Endlich, occurs at Lake 
Valley. It varies from vanadinite mainly by its les- 
ser percentage in vanadium pentoxide and its higher- 
contents in arsenic pentoxide, as will become evident 
from the analytical data given below: 

V2O5 7.94 per cent. 

AS2O,; 10.73 per cent. 

P0O5 None 

PbO 79.15 per cent. 

CI 2.18 per cent. 



100.00 



Vanadinite itself crystallizes mostly in hexagonal 
prisms, which have smooth faces and sharp edges, but 
is found also in rounded forms in incrustations, and 
in parallel groupings. The fracture of the mineral 
is uneven, its hardness 2.75 to 3, its specific gravity 
6.66 to 7.23, its fractured surfaces resinous, and its 
color verges from deep ruby-red to light brown, yel- 
low and reddish-brown. Its streak is white or yellow- 
ish. It is brittle, subtranslucent or opaque. 

Finally a third vanadium mineral, known as des- 
cloizite, and thus named from the French mineral- 
ogist Descloizeaux, deserves mention. It is to be con- 
sidered as a vanadate of lead, though it contains as a 
rule admixtures of iron, zinc, copper, manganese and 
sand, which are to be regarded as impurities. The 
following analysis will make these points more clear ; 
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V2O5 22.46 per cent. 

PbO 54.70 per cent. 

ZnO 2.04 per cent. 

CuO 0.90 per cent. 

FeO 1.50 per cent. 

MnO 5.32 per cent. 

MngOa 6.00 per cent. 

CI 0.32 per cent. 

H.O 2.20 per cent. 

Sand 3.44 per cent. 



98.88 



Descloizite occurs in the Sierra de Cordoba, Ar- 
gentine Republic, in small crystals of olive-brown or 
f?reen to black color, which appear on the edges light- 
brown to red by transmitted light. They have a 
i.right luster, a hardness of 3.5, a specific gravity of 
5.839, and occur usually clustered unto a ferro-sili- 
cious gangue in association with pyromorphite. Par- 
ticles of these crystals behave, when introduced into 
the salt of phosphorus bead before the blowpipe flame, 
in the same manner as the vanadium minerals de- 
scribed above. 

The mineral is found in abundance, and fre- 
(juently associated with vanadinite and wulfenite, in 
some of the mines of New Mexico and Arizona, among 
them being the Sierra Orande mine. Lake Valley, 
Sierra county, and the Mimbres mine, near George- 
town, New Mexico. In Arizona it occurs near Tomb- 
stone ; in Yavapai county, and in the Mammoth gold 
mine, near Oracle, Pinal county. Tt is met with spar- 
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ingly at the Wheatley mine, Phenixville, Pennsyl- 
vania, and varieties are found at the Mayflower mine,^ 
Bald Mountain district, Beaverhead county, Montana, 
also in San Luis Potosi and Zacatecas, Mexico, and 
in the Lucky Cuss mine. Tombstone, Arizona. 

Detection. — ^Vanadium compounds are recognized 
by the yellow color which they impart to the salt of 
phosphorus bead in the oxidizing flame of the blow- 
pipe, and by the emerald-green tint produced in the 
reducing flame. 

Another manner of detecting vanadium consists 
of the following operations : Powder the ore supposed 
to contain vanadium, finely, weigh off eight grams, 
mix them with thirty -two grams of sodium carbon- 
ate and fuse the mixture thoroughly in a fireclay cru • 
cible in the muffle. Let cool, add a small quantity of 
potassium nitrate, and heat to a dull red heat, tak- 
ing care not to heat any higher. Lixiviate the cooled 
jnass with water, filter, boil the clear solution with 
ammonium carbonate, and filter off the silica. Acid- 
ify the filtrate with hydrochloric acid, evaporate 
strongly, and pass hydrogen sulphide through the 
liquid to remove metals of the second group. Filter,, 
heat the filtrate with an equal volume of concentrated 
ammonia, and pass hydrogen sulphide through the 
solution till the free ammonia is completely saturated. 
In case vanadium is present, the liquid assumes an 
intense cherry red color. The liquid may then be 
filtered, the filtrate neutralized with hydrochloric 
acid, and the precipitate thus produced, consisting of 
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sulphur and vanadium sulphide, separated from the 
liquid by filtration, washed, dried and ignited, and the 
residue fused with potassium nitrate. The fused mass 
contains potassium vanadate and from it the charac- 
teristic blowpipe reactions, mentioned above, are ob- 
tained. 

Qualitative Determination. — The borax bead 
dissolves vanadium pentoxide to a clear bead, color- 
less or, with large quantities of the anhydride, yellow 
in the outer flame, beautiful green in the inner flame. 
With large quantities of vanadic acid it looks brown- 
ish, white hot, and only turns green on cooling. 

Orthovanadates are generally yellow or reddish- 
yellow both in the liquid and solid state. By boil- 
ing in water, the orthovanadates of the alkalies are 
converted into colorless metavanadates. On the ad- 
dition of an acid to a solution of neutral or orthovan- 

ft*- 

-adate, the solution becomes yellowish-red, owing to 
the formation of anhydrous salts. 

Ammonium, barium and lead vanadates are but 
sparingly soluble in water. The alkaline vanadates 
are more soluble in pure water than in water contain- 
ing free alkali or a salt; hence they are precipitated 
in the presence of the latter. All are soluble in nitric 
acid, but insoluble in alcohol. 

(NH4)2S produces a brown coloration in a solu- 
tion of metavanadates, and, on acidulating with 
hydrochloric acid, or better sulphuric acid, the soluble 
ammonium sulphovanadate is decomposed, and brown 
pentasulphide, V.S., mixed with sulphur, is preoipi- 
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tated; the liquid at the same time generally acquires 
a blue color. It dissolves with red-brown color in 
nqueous solutions of alkaline carbonates, hydrates and 
jsulph-hydrates. 

Vanadic anhydride has a reddish-yellow color, 
^nd is difficultly soluble in water (1,000 parts), form- 
ing a light yellow solution, which reddens litmus 
paper. It dissolves also in the stronger acids to red 
or yellow solutions, which become frequently decolor 
ized by mere boiling. It unites, however, with bases 
more readily than with acids. Alkaline vanadates 
are soluble in water, inversely to the quantity of 
free alkali or alkaline salt present. Hence they are 
precipitated from their solutions by excess of alkali, 
or by salts, especially by excess of ammonium chloride. 
CMost characteristic reaction.) 

A sulphuric acid solution of vanadium pentoxide, 
when considerably diluted with water and treated 
with zinc, or sodium amalgam and warmed gently, 
turns first blue, then green, and finally from laven- 
der to violet. The VjO^ becomes reduced to VjOg, 
and on the addition of ammonia a brown precipitate 
of the hydrated dioxide (hypovanadious acid) forms, 
which absorbs oxygen more rapidly than any other 
known reducing agent, and bleaches organic coloring 
matter (indigo solution f. i.) as quickly as chlorine. 

Many organic substances, such as oxalic or tar- 
laric acid, sugar and alcohol, reduce vanadic acid, 
especially in the presence of strong mineral acids, to 
The blue V2O4. The same reaction takes place when 
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SOj or HoS are added to its solutions in acid. 

If an acidified solution of an alkaline vanadate 
be shaken up with ether containing hydrogen perox- 
ide, the aqueous fluid acquires a red-brown color, like 
that of ferric acetate, while the ether remains color- 
less. This reaction is extremely delicate. 

Vanadic and chromic acids are the only acids 
whose salts give rise to red-colored solutions. They 
are, however, differently affected by reducing agents. 

Quantitative Estimation. — Mix two to five grams . 
of the finely pulverized vanadiferous ore with one- 
third of its weight of potassium nitrate in a fire- 
clay crucible, and expose it to a gentle, low red heat 
in the muffle for an hour, taking care not to surpass 
that temperature. Crush the fused mass, and extract 
it with as small amount of water as possible, filter, 
and add carefully dilute nitric acid, stirring con- 
stantly, until the solution is slightly alkaline. (If 
;he liquid is made acid, the vanadic acid present will 
be reduced by the liberated nitrogen dioxide — a con- 
dition which is to be avoided.) Filter off the silica 
and alumina separated out, add a solution of barium 
chloride and somd ammonia, allow to settle, filter off 

the precipitate of barium vanadate (accompanied in 
cases by barium sulphate), wash, and boil it with a 
small excess of dilute sulphuric acid. Filter, wash 
first with water, and finally with dilute ammonia and 
water, saturate the filtrate completely with ammonia, 
if not already neutral, condense to half the bulk of 
the liquid, cool and place lumps of ammonium chloride 
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into the solution. In proportion as the liquid be- 
comes saturated with the ammonium chloride, the 
inetavanadate of ammonium separates out in form 
(•f a white or yellowish crystalline powder. It is ad- 
visable, therefore, to let stand over night. Filter, 
wash with a saturated solution of ammonium chloride, 
dry, incinerate in an open platinum or porcelain cru- 
cible, and weigh the vanadium pentoxide remaining, 
which may be fused at a high heat, and allowed to 
cool to a crvstalline mass. 

(See Appendix.) 



CHAPTER XIX. 



BERYLLIUM. 



History. — As early as 1797 the French chemist 
Vauquelin recognized an unknown earth in the min- 
eral beryl, and called that body '*glucine'* (meaning 
sweet earth), on account of the sweet taste peculiar 
to its salts. This appellation for the base and the 
term **glucinum'' for the element derived therefrom 
have been preserved in France and England, but not 
in the United States, Avhere the name beryllium in- 
stead of glucinum is generally accepted. In 1828 
Woehler and Bussy succeeded first in isolating metal- 
lic beryllium by fusing the chloride with potassium in 
a platinum crucible, though the product thus obtained 
was pulverulent and impure. A few years later Bee 
querel produced the metal in purer condition by elec- 
trolyzing a solution of the chloride, and in 1854 De- 
bray obtained pure beryllium by conducting the 
vapors of the chloride over fused sodium in an at- 
mosphere of hydrogen. The metal produced by De- 
bray was white in appearance, and could be forged 
«nd rolled into sheets like gold. 

Chemistry and Commercial Points. — Beryllium 
of the atomic weight 9.1 and specific gravity 2.1 is a 
white, ductile metal, whose fusing point lies near 
950° C. It melts in the outer blowpipe flame, with- 
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out igniting like zinc or iron, and does not burn, 
when heated in an atmosphere of oxygen, but covers 
itself with a layer of oxide, which appears to prevent 
further change. If heated, however, in very finel}"^ 
divided form in the air, it burns with an extremelv 
bright light. The metal shows but very little affinity 
for sulphur, but combines, when heated, directly 
with chlorine and iodine. It unites readily with sili- 
con, forming a hard, brittle substance, which takes 
;i high polish. Beryllium does not decompose wator 
at a boiling heat, or even when heated to whiteness. 
Sulphuric and hydrochloric acids dissolve it with evo- 
lution of hydrogen, and also potassium or sodium 
Ijydroxides. Nitric acid does not affect it at ordinary 
temperatures, but dissolves it slowly at the boiling 
heat. Beryllium forms a double salt, of the formula 
BeSO^ KoSO^+SH.O, which is difficultly soluble in 
water, and resembles the alums. 

Many of the natural beryllium compounds, like 
oinerald, chrysoberyl, aquamarine and others de- 
scribed below are valued as gems, when perfectly col- 
ored or finely crystallized, and are, therefore, highly 
prized in trade. Artificial beryllium or its com- 
pounds havt% however, not found any commercial ap- 
plication unto the present. The metal may be bought 
1 i*om retailers at $2.50 for one- tenth gram of the crys- 
tallized variety, and at $1.50 for the powdered metal 
while the nitrate is sold at $20 per pound. 

Mineralogy. — ^Beryllium is not very abundant in 
nature, and occurs chiefly as a double silicate of alum- 
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inum and beryllium of the formula ALBeg (SiOj)e, 
vhich in its rough form is called beryl. Its compo- 
sition, when pure, is represented by the figures: 

SiOo 67.0 per cent. 

AI2O3 19.0 per cent. 

BeO 14.0 per cent. 



100.0 



Beryl is a common accessory mineral in granite 
veins and especially in those of a pegmatitic char- 
acter. In the United States rough beryls of gigantic 
dimensions have been found at Ac worth and Grafton, 
New Hampshire, and at Royalston, Massachusetts, 
one of them from Grafton weighing 2,900 pounds, 
and another from the same locality 1,076 pounds. 
Albany, Maine; Haddam, Connecticut; Leiperville 
and Chester, Pennsylvania; Stony Point, North Caro- 
lina; Amelia Court House, Virginia; Coosa county, 
Alabama, and the Black Hills, South Dakota, are 
furthermore known as places of occurrence. Beauti- 
ful hexagonal crystallizations of beryl, embedded in 
pegmatite (gi'aphic granite), are found in Jefferson 
county, Colorado, and bluish-green aquamarines oc- 
cur near the summit of Mount Antero, Chaffee 
(;Ounty, of that state. 

The composition of common beryl is indicated by 
the following analytical data : 
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SiOg 65.54 per cent. 

AI2O3 17.75 per cent. 

Pe203 0.21 per cent. 

FeO 0.38 per cent. 

BeO 13.73 per cent. 

CaO 0.06 per cent. 

NagO 0.71 per cent. 

LigO Trace 

H2O 2.01 per cent. 

100.39 
Specific gravity, 2.706. 

The mineral occurs usually in long prismatic crys- 
tals, rarely in tabular aggregations, and occasionally 
in large columnar or granular masses. Its cleavage 
is imperfect, and its fracture conchoidal to uneven. 
It is brittle, transparent to translucent, and has a 
hardness of 7.5 to 8, a specific gravity varying be- 
tween 2.6 and 2.8, and a vitreous, but sometimes resin- 
ous lustre. Its color verges from emerald- green into 
pale green, light blue, yellow and white, and occa- 
sionally into pale rose-red. Its streak is white. 
Numerous varieties occur, however, which are distin- 
guished by their color as aquamarines, a bluish-green 
beryl, golden beryl of a clear bright yellow, and em- 
erald, a precious istone, colored green by a slight 
amount of chromic oxide. An analysis of the latter 
gave the following data : 
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SiOg 67.85 per cent. 

AI2O3 17.95 per cent. 

GtoO, Trace 

Beb 12.40 per cent. 

MgO 0.90 per cent. 

NagO 0.70 per cent. 

H2O None 

99.80 

Beryllium occurs furthermore as a simple silicate 
in the mineral phenacite, corresponding in composi- 
tion, when pure, to the formula BCgSiO^, and consist- 
ing then of: 

SiOs 54.45 per cent. 

BeO 45.55 per cent. 

100.00 

This mineral is met with at Topaz butte, near Flor- 
issant, sixteen miles from Pike's Peak, Colorado, 
where it is found in flat rhombohedral crystals with 
topaz on amazonstone or embedded in the latter. 
Amazonstone or amazonite is a verdigris green colored 
aluminum, potassium, sodium silicate, containing 
sometimes small percentages of ferric iron, lime and 
magnesia. Phenacite occurs also at Mount Antero, 
1 ften in prismatic crystals, and associa'ted with quartz 
and beryl. In the East it is found on Bald Face 
mountain, North Chatham, New Hampshire, and also 
at the mica mines of Amelia Court House. 

The crystals of phenacite are usually rhombo- 
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bedral, sometimes lenticular, and in eases prismatic. 
Their cleavage is indistinct, and the fracture con- 
choidal. The mineral is brittle, transparent to trans- 
lucent, its hardness lies between 7.5 and 8, and its 
specific gravity between 2.97 and 3. Its lustre is vit- 
reous, and its color verges between brown, pale rose- 
red, wine-yellow, and colorless. A specimen from 
Florissant of specific gravity 2.96, analyzed as fol- 
lows: 

SiOa 54.44 per cent. 

BeO 45.58 per cent. 

NagO 0.21 per cent. 

LigO Trace 

Ignition 0.26 per cent. 

100.49 

Beryllium forms also a constituent of the mineral 
chrysoberyl, a beryllium aluminate of the composition 
BcO Al^Oj, and is present in euclase, a hydrated 
aluminum beryllium silicate, corresponding to the 
formula Be(AlOH) Si04. When in pure condition, 
these two minerals consist of 80.2 per cent. AlgOg 
and 19.8 per cent. BeO, and 41.3 per cent. SiOo, 35.2 
AI2O3, 17.3 BeO, and 6.2 per cent, water respectively. 

Detection. — The reactions of beryllium are in 
most respects similar to those of aluminum. A suf- 
ficient distinction between the two is, however, af- 
forded by the action of ammonium carbonate, which 
dissolves the precipitates formed by alkalies and alka- 
line carbonates, but not the corresponding precipi- 
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lates of aluminum. Furthermore beryllium com- 
pounds, when moistened with cobalt nitrate, and 
beated before the blowpipe, give a gray mass, but not 
the blue color characteristic of aluminum compounds. 

Qualitative Determination. — NH4OH and 
(NH4)2S, as well as the fixed caustic alkalies and 
alkaline earthy bases precipitate beryllium hydrate 
BeoCOH)^ flocculent, soluble like AloCOH)^ in excess 
of the fixed alkalies, but not in ammonia. On boil- 
ing BeaCOH)^ is almost completely reprecipitated 
from a dilute NaOII or KOH alkaline solution. (Dis- 
tinction from ALO3.) Like AloO-^ it is reprecipitated 
also on the addition of NH^Cl. 

(NH^)2C03 gives a white precipitate of basic 
beryllium carbonate, freely soluble in excess, repre- 
cipitated as basic carbonate on boiling. (Distinction 
from AI2O3.) 

NaoCOg or K^COg precipitate also white carbonate, 
soluble only in large excess of the precipitajit. 

BaCOo precipitates beryllium completely, even in 
the cold. If the readily soluble beryllium sulphate 
is brought together with potassium sulphate, the dif- 
ficultly soluble double sulphate of the formula 
BeK2(SOj2-3H20 is produced. 

Quantitative Estimation. — Mix one gram of the 
finely powdered beryllium mineral with four grams 
cf potassium carbonate, place the mixture into a fire- 
clay crucible, and expose it to a full white heat for 
two hours. Treat the fused mass with water and 
hydrochloric, acid, and evaporate to dryness to sep- 
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arate the silica, as usual. Filter and precipitate the 
beryllia, alumina and ferric oxide in the filtrate with 
ammonia. Filter, wash and boil the precipitate with 
a concentrated solution of ammonium chloride as long 
as ammonia is liberated, frequently renewing the 
water. Filter and precipitate the beryllium hydrox- 
ide Be (OH) 2, which alone is dissolved, in the filtrate 
by ammonia, filter, dry, incinerate and weigh as BeO. 



CHAPTER XX. 



THORIUM. 



History. — This rare element was discovered in 1828 
by Berzelius in a black mineral, resembling obsidian^ 
found near Esmark, a town situated on the Norwegian 
island Loevoe, and was called by him ** thorium" from 
the ancient Swedish deity Thor. Subsequently Woeh- 
ler proved the presence of thorium in pyrochlore^ 
while Karsten discovered it in monazite. A mineral 
very similar to thorite and known as orangite, occur- 
ring in Brevig, Norway, was later shown by Berge- 
mann and others to contain thorium, and finally Mos- 
ander and Chydenius found the element in euxenite 
from Arendal, while Bahr proved its presence in gad- 
olinite, orthite and in another mineral resembling the 
latter. Bahr imagined first to have discovered a new 
element, and called it ''wasium,'' but acknowledged 
subsequently its identity with thorium. 

Chemistry and Commerciat. Points. — Thorium 
of the atomic weight 232.4 and specific gravity 7.7 has 
an iron-gray metallic lustre, and is usually obtained 
by heating anhydrous thorium chloride of the formula 
ThClg with potassium or sodium, the reduction of the 
salt to the metallic state being accomplished by slight 
detonation. When produced, in this manner, thorium 
forms a gray metallic powder, which may be pressed 
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together by a polished agate to a more solid metallic: 
body. When heated in contact with the air it burns 
with great brilliancy, producing snow-white thoria 
ThOj. The element is not aflfected by hot or cold 
water, dissolves readily in nitric acid, slowly in hydro- 
chloric and gradually in sulphuric acid. It is not at- 
tacked by solutions of caustic alkali. 

The oxide of thorium has become commercially im- 
portant by its peculiar property of producing an in- 
candescent light, when heated in burning illuminating 
or other gas, while the minerals containing thorium 
are highly valued and much sought for. They serve 
for the preparation of the mantles of Welsbach's in- 
candescent lights, which are made by saturating a net- 
work of cotton with a solution of the combined ni- 
trates, oxides or bromides of thorium and other rare 
earths, as explained below. The supporting cotton 
webs are then incinerated by heating, the salts being 
thus changed into oxides and the mantles shaped to 
the proper form. Of the oxides known to be applic- 
able for this purpose, that of thorium is the most desir- 
able in the body of the mantle, since it increases 
greatly the illuminating power of the latter, while the 
oxide of lanthanum, without the presence of sufficient 
thoria, renders the mantle flexible, and is therefore 
hurtful. The illuminating power of thoria is further- 
more favored by the addition of a small amount of 
uranium or cerium oxides, when the light produced is 
more vivid and nearly white, in spite of the fact that 
thorium oxide radiates but little light, which is yellov/ 
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« 
in color, and uranium oxide alone gives off but little 

luminosity, which is yellowish red. 

In recent years Welsbach discovered that the il- 
luminating power of lanthanum, cerium, yttrium, zir- 
conium and other refractory earths is greatly in* 
creased by the addition of thoria, that ceria gives not 
•only a desirable yellow light, but greatly increases' the 
life of the mantle by causing it to preserve its desired 
shape, and renders it stronger and more durable in 
every respect. Finally Welsbach established the fact 
that the minimum consumption and the greatest effi- 
ciency is produced by a mixture of ninety-nine ]^er 
cent, thoria and one per cent, ceria. In connection 
with the foregoing it is remarkable to note that the 
price of a kilogram of thorium nitrate fell from $400 
in 1894 to $300 in 1895, to $200 in 1896, to $16 dur- 
ing the course of the next few years, to $10 in 1900, 
and to $6.50 in 1901. Metallic thorium sells at $20 
per gram. 

M1NERAI.0GY. — Thorite, a thorium mineral, which 
may be considered, when pure, as a thorium silicate, 
consisting of 18.5 per cent. SiOg and 81.5 per cent, 
thoria, occurs in square prisms, but also massive and 
compact, is brittle, of distinct cleavage, conchoidai 
fracture, of vitreous to resinous lustre, and has a 
hardness ranging between 4.5 to 5, and a specific 
gravity of 4.4 to 4.8. The specific gravity of orangite, 
a nearly related mineral, varies between 5.19 and 5.40. 
The color of these two minerals, which differ from each 
'Other mainly by the amount of water they contain, is 
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sometimes orange or brownish-yellow (orangite), but 
in cases brown inclining to black (thorite). Their 
streak is light orange to dark brown, and their splin- 
ters, when thin, are nearly opaque. Orangite is found 
occasionally in bright, orange-yellow tetragonal crys- 
tals, and forms frequently the kernel of a eiystal ex- 
ternally altered to thorite. Uranothorite, which oc- 
curs mostly in massive form, has a subconchoidal frac- 
ture, a hardness equalling 8, a specific gravity 4.126,. 
resinous to subvitreous luster, dark red-brown color, 
a yellow-brown streak, and is infusible before the 
blowpipe. It occurs in the Champlain iron region ot 
northern New York. Thorite and orangite are known 
to occur in several localities of Norway, but have not 
as yet been found in the United States. The following 
analytical results will give an idea of the compositioa 
of these minerals: 

Thorite. 

SiOa 18.98 per cent. 

rhOa 57.91 per cent. 

UaO, 1.58 per cent. 

PbO 0.80 per cent. 

FCjOa ^.'79 per cent. 

AljO, 0.06 per cent. 

CaO 2.58 per cent. 

MgO 0.36 per cent. 

KjO 0.24 per cent. 

H,0 9.50 per cent. 

SnOa 0.01 per cent. 

Insoluble residue 1.70 per cent. 

99.51 
Specific gravity, 4.8. 
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Orangite. 

SiOa 17.52 per cent. 

TI1O2 71.65 per cent. 

U2O3 1.13 per cent. 

PbO 0.88 per cent. 

FCaOg 0.59 per cent. 

AI2O3 0.17 per cent. 

CaO 1.59 per cent. 

MgO Trace 

K2O 0.47 per cent. 

H2O 6.14 per cent. 

100.14 
Specific gravity, 5.19. 

Uranothorlte (from Lake Champlain). 

SiOa 19.38 per cent. 

Th02 52.07 per cent. 

UO5 9.96 per cent. 

PbO 0.40 per cent. 

PcjOj •. . . 4.01 per cent. 

AI2O, 0.33 per cent 

CaO 2.34 per cent. 

MgO 0.04 per cent. 

K..0 0.11 percent 

H2O 11.31 per cent 

99.95 
Specific gravity, 4.126. 

A mineral, known as auerlite, and thus named 
from Dr. Carl Auer von Welsbach of Vienna, the in- 
ventor of the incandescent mantle light, occurs in dis- 
integrated granite or gneiss, and associated with 
7ircon, in Henderson county, North Carolina, at the 
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Freeman mine, Green river, and on Price land, three 
miles southwest. It is of *dull yellowish white to dark 
orange-red color, crystallizes in square prisms with 
pyramlns, has a hardness 2.5 to 3, specific gravity 4.42 
to 4.77, resinous lustre, and is in appearance translu- 
cent to opaque. Auerite is infusible before the blow- 
pipe, becomes brown on ignition and turns orange 
again on cooling. It analyzes as follows : 

SiOj 7.64 per cent. 

PgOs 7i46 per cent. 

ThOj 70.13 per cent. 

FcjOg 1.38 per cent. 

CaO 0.49 per cent. 

MgO 0.29 per cent. 

AljOj 1.10 per cent. 

H,0) 

COa ) 11.21 per cent. 

99.70 

Another mineral of this class is monazite, and also 
monazite sand, which latter occurs in large deposits in 
Brazil. They contain considerable amounts of thor- 
ium, and the prices paid for the different kinds of 
monazite or monazite sand are fixed according to the 
percentages of thorium present in them. The highest 
grades of the mineral have been obtained from 
Burke, Poke, McDowell and Rutherford counties, 
North Carolina, which showed a percentage of 4 to 6.5 
in thoria, while further deposits occur at Amelia 
Court House, Virginia. The average monazite con- 



168 RARE METALS. 

tains from 2.5 to 3.5 per cent, of thoria, the remainder 
consisting of the oxides of cerium, didymium, erbium, 
lanthanum, yttrium and zirconium. The mineral is es- 
sentially a phosphate of the cerium metals, corres- 
ponding to the formula (Ce La Di)P04, most analy- 
sis showing usually the proper amounts of thoria and 
silica to form thorium silicate. Analytical data, given 
below, will illustrate these points more clearly. 

Monazite from Burke county, North Carolina: 

PoO's 29.28 per cent. 

CCoOg ; 31.38 per cent. 

LaaOg ) 

Di^Oa i 30.88 per cent. 

SiOa 1.40 per cent. 

ThOg 6.49percent. 

Ignition 0.20 per cent. 

99.63 
Specific gravity, 5.10. 

The mineral is rather abundantly distributed as an 
accessory constituent of gneissoid rocks in certain re- 
gions, thus in North Cnrolina and Brazil. It is in- 
fusible before the blowpipe, but turns gray, when thus 
treated, and, if moistened with sulphuric acid, it 
colors the flame bluish- green. With borax it gives a 
bead, yellow when hot, and colorless on cooling, while 
a saturated bead becomes enamel-white on flaming. It 
is diflScultly soluble in hydrochloric acid. Monazite U 
thus named from the Greek term, meaning '*to be soii- 
ir.iy,'' in allusion to its rare occurrence. 
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A single grain of monazite can be rapidly and se- 
curely identified by moistening it with sulphuric acid 
on a slip of glass, and driving oflf the acid by heat. The 
cerium will then crystallize in double ball-shaped 
clusters of radiating needles or minute isolated crys- 
tals shaped like cucumber seeds. This crystallization 
is better shown by the addition of a drop of water, 
and allowing the crystallization to take place in a des- 
sicator. Another drop of water with a little ammo- 
nium molybdate gives on evaporation a satisfactory 
test for phosphoric acid. 

A further mineral, containing thoria, and related 
to samarskite, which latter was named after the Rus- 
sian Samarski, has been iound in the granite debris of 
Devil's Head mountain, Douglas county, Colorado, in 
snail fragments of chestnut size, showing faint sug- 
gestions of a crystalline form. It is very brittle, of 
subconchoidal fracture, hardness 5.5 to 6, specific 
j'l'ftvity 6.18, has a vitreous luster, a pitch-black color, 
which appears pale-brown in thin splinters, and has a 
dirty-brown streak. Before the blow-pipe it becomes 
.''iiU, but does not fuse; it is slightly soluble in hydro- 
cliloric acid. Of the specimens examined, the first of 
which has been described above, the second had a sal- 
mon-colored streak, and the third seemed to be much 
altered. Analyses gave the following data: 
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No. 1. No. 2. No. 3. 

Per Cent. Per Cent. Per Cent. 

Nb^Os 27.77 26.16 27.56 

TaoO^ 27.03 28.11 19.34 

W63 2.25 2.08 5.51 

SnOo 0.95 1.09 0.82 

ZrOo 2.29 2.60 3.10 

UO2' 4.02 4.22 6.20 

ThOo 3.64 3.60 3.19 

Cefi^ 0.54 0.49 0.41 

(DiLa)A 1.80 2.12 1.44 

Er^Og 10.71 10.70 9.82 

Y2O, 6.41 5:96 5.64 

FeA 8.77 8.72 8.90 

Oxides FeO, MnO, ZnO, 

PbO, CaO, K2O and 

(NaLi)20 2.55 2.60 4.31 

HoO 1.58 1.30 3.94 



100.31 99.75 100.18 

Detection. — Thorium dioxide, when heated before 
the blowpipe, remains infusible; it imparts no tinge 
to the flame, and gives a colorless borax bead. It yields 
no characteristic reaction with cobalt nitrate. 

Qualitative Determinatign.-NH^OH or (NH4)2S 
precipitate the white gelatinous hydrate Th(0H)4, 
insoluble in excess. 

KOH or NaOH produce the same precipitate, in- 
soluble in excess. (Distinction from Al and Be.) 

Ammonium, potassium and sodium carbonates pre- 
cipitate white basic thorium carbonate, readily soluble 
in excess of the reagents, diflScultly soluble in dilute 
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solutions. (Distinction from Al.) From a solution 
in (NH4)2 CO3 thorium carbonate is reprecipitated 
even at 50° C. 

BaCOa precipitates tliorium salts completely in the 
cold. 

Oxalic acid produces a white precipitate (distinc- 
tion from Al and Be), not soluble in excess nor m di- 
lute mineral acids; soluble in ammonium acetate con- 
taining free acetic acid. (Distinction from Y and Ce.) 

HFl precipitates gelatinous thorium tetrafluoride, 
ThFl^, which becomes pulverulent after some time; 
the precipitate is insoluble in water and in HFl. (Dis- 
tinction from Al, Be, Zr and TiO,. ) 

XasSoOg precipitates thorium hyposulphite 
Th( 8003)2, mixed with sulphur, from neutral or acid 
solutions. The precipitation is not complete. (Dis- 
tinction from Y, Er and Di.) 

A boiling concentrated solution of 1^804 precipi- 
tates slowly, but completely, the whole of the thorium 
sulphate as white crystalline insoluble potassium thor- 
ium sulphate K4Th(S04)4+2HoO (distinction from Al 
and Be), soluble with difficulty in cold, and also in hot 
water, but readily soluble on the addition of some 
HCl. 

Quantitative Estimation. — One gram of the 
finely pulverized thorium mineral (thorite) is heated 
with hydrochloric acid, the latter being renewed six 
times ,if necesary, so as to decompose the ore com- 
pletely, and the whole evaporated to dryness on the 
water bafh. The silica is then separated in the usual 
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manner and hydrogen sulphide conducted through the 
filtrate to saturation, when the liquid is allowed to 
settle. It is then filtered from the small precipitate 
containing tin and lead, and the filtrate evaporated to 
a small volume. After cooling, ammonia is added to 
neutralization, and the precipitate, consisting mainly 
of thoria, iron and alumina, filtered off, washed well, 
dissolved in dilute sulphuric acid, and the solution 
thus obtained, evaporated on the water bath, when, on 
concentrating, a white voluminous mass separates out, 
which is neutral thorium sulphate, slightly soluble in 
hot water. The mother liquid is then filtered off, and 
the salt remaining on the filter washed with boiling 
water, dried and ignited, when pure thoria remains. 
The filtrate is concentrated by evaporation on the 
water bath, neutralized with potassium carbonate, 
and mixed with a boiling saturated solution of potas- 
sium sulphate, when, on cooling, a double salt of potas- 
sium thoriuifi sulphate crystallizes out, which is in- 
soluble in a concentrated solution of potassium sul- 
phate. It is, therefore, brought on a filter, washed with 
such a solution, dissolved in warm water, and the 
liquid resulting treated with ammonia to precipitate 
the thoria, which is filtered off, washed, ignited and 
weighed as ThOo. The Aveight obtained in this man- 
ner is added to the first weight of thoria found. 



CHAPTER XXI. 



ZIRCONIUM. 



History. — The element zirconium was named from 
the rare mineral zircon, a silicate of the formula 
ZrSi04, when pure, in which the German chemist 
Klaproth discovered the presence of zirconia, ZrOg, in 
1789. In the year 1845 . the chemist Svanberg an- 
nounced to the Swedish Academy of Science to have 
ascertained by a closer ntudy of zirconia, that it con- 
sisted of a mixture of two distinct earths. To the 
element present in one of these he |?ave the name 
**norium.'' Several chemists, amonj? them Berlin, 
Marignac and Hermann, made diligent researches sub- 
sequently in order to settle the point in question, but 
having failed to verify U, pronounced the statement 
of Svanberg erroneous. In later years the chemist 
Sorby thought to have recognized in zirconia by 
means of spectrum analysis the presence of a new ele- 
ment, which he called ** jargonium," a term derive! 
from ** jargon. " The latter name is applied in miner- 
alogy to the colorless and yellowish or smolcy zircons 
from Ceylon. The chemist Forbes fell into the same 
error as Sorby, but both admitted later that the pe- 
culiar dark bands of the spectra of these zircons were 
due to the presence of a small (piantity of uranium. 
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Zirconium has since been found in hyacinth, eudialyte, 
polymignite and other rare minerals. 

Chemistry and CoMMERCiAii Points. — ^Metallic 
zirconium of the atomic weight 90.7 and specific grav- 
ity 4.15, may be obtained in several allotropic modifi- 
cations, as amorphous, crystalline and graphitoidal. 
The first variety is prepared by heating sodium zir- 
conium chloride in a crucible with sodium or potas- 
sium, when it forms an amorphous powder, which may 
be compressed into thin lustrous laminae, resembling 
graphite. Crystalline zirconium results on heating 
one part of potassium zirconium fluoride with one and 
a half parts of metallic aluminum in a graphite cruci- 
ble to about 1200° C. Wlien the crucible has cooled, 
the surface of the aluminum is found to be covered 
with foliated crystalline laminae, consisting of nearly 
pure zirconium, which may be separated by dissolving 
the aluminum with hydrochloric acid. The modifica- 
tion thus obtained is very hard. It fuses at a tem- 
perature produced by tlie oxyhydrogen flame or by 
that of the electric furnace. Graphitoidal zirconium 
is prepared by decomposing sodium zirconate with 
iron, when it is obtained in the form of small very 
light scales of a steel-gray color. 

Zirconium is but slowly attacked by sulphuric or 
hydrochloric acid, even when heated, but hot aqua 
regia and cold hydrofluoric acid dissolves it readily. 
When heated in the air to a very high temperature, 
metallic zirconium burns to the oxide known as zir- 
conia, ZrOo, which forms either h white powder or 
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hard lumps, according to its mode of preparation. 
When this compound is prepared at the lowest possi- 
ble temperature, and heated to incipient redness, it 
glows brightly, becomes dense, and is then insoluble in 
the mineral acids. Zirconia is sometimes present in 
slight amount in the material obtained from monazite 
for the preparation of gas mantles, and it has been 
proven by experiment that the oxides of zirconium, 
ZrOo, lanthanum LagOg and yttrium Y2O3, even if 
present to the amount of one per cent., do not improve 
the lighting power of gas mantles. 

Cylinders of zirconia have been employed for the 
Drummond light of light houses instead of those pre- 
pared from lime or magnesia, which were made to 
glow in the oxyhydrogen flame, and the light, thus 
produced, projected by means of mirrors into the dis- 
tance. Zirconia possesses great radiating power and 
is very refractory, remaining quite unaltered after a 
month's use, and develops the most intense and the 
most fixed light under the conditions mentioned. To 
economize the costly material, only the outer portion 
of the cylinders is made of zirconia, the interior being 
composed of magnesia or fire clay, the two substances 
being firmly pressed together. Pure zirconia is pre- 
pared for this purpose by breaking up the native ores 
and reducing them to an impalpable powder in an 
agate mortar. The zirconium silicate present in the 
latter is then decomposed, in the presence of charcoal, 
by chlorine, and the zirconium and silicon chlorides 
separated from each other by heat, since the latter 
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chloride is more volatile than the former. The zir- 
conium chloride remaining is then dissolved in water 
and converted to oxide by precipitation with am- 
monia, when the hydrated zirconia thus obtained is 
calcined, then moistened, and submitted in moulds to 
the action of a press, with or without the addition of 
borax, boric acid or clay. The cylinders thus obtained 
are heated to a high temperature, by which their 
density and compactness is essentially increased, and 
are then ready for use. 

Another more ready preparation of pure zirconia 
consists of the following operations. The zircon is 
first broken up, and next reduced to an impalpable 
powder in an agate mortar. It is then mixed with 
acid potassium fluoride, and the mixture fused. In 
this manner a perfect resolution of the mineral is 
easily obtained. The potassium fluor-zirconate is then 
separated from the insoluble fluosilicate by means of 
hot water, acidulated with hydrofluoric acid. From 
the solution thus obtained zirconia may be precipi- 
tated by ammonia. 

Some of the natural compounds of zirconium, and 
especially the silicates, are classed on account of their 
»i«e, beauty and splendor with the gems, and bring 
high prices, $10 a carat being a common figure. Metal- 
lic zirconium is retailed at $2.50 per gram, and the 
crystallized nitrate at $1 per ounce. 

Mineralogy. — The zircon bearing minerals found 
in nature may be subdivided into compound zircons, 
the gem varieties, and the altered zircons. The first 
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mentioned division includes eudialyte, eueolite and 
poJymignite. Of these the first two occur in Arkansas 
at Magnet Cove, of a rich crimson to peach blossom- 
red color in feldspar, and also in the syenite of Saline 
county, Arkansas. Eudialyte is found also in West 
Greenland, where it was discovered early in the cen- 
tury. Eueolite, a related mineral, is known to occur 
only in Norway. The minerals have the following 
characteristics: Their crystals are often tabular, or 
rhombohedral (eudialyte); also prismatic (eueolite), 
and sometimes the mineral occurs massive in embedded 
grains, or reniform. The cleavage in eudialyte and 
eueolite is nearly perfect ,their fracture subconchoidal 
and splintery. They are brittle, of hardness 5 to 5.5. 
eudialyte having a specific gravity of 2.91 to 2.93, and 
eueolite 3 to 3.1 Their luster is vitreous, their color 
verges from rose-red to bluish-red, brownish-red and 
chestnut-red, and their streak is uncolored. They are 
translucent to subtranslucent. Eudialyte from Mag- 
net Cove analyzes as follows: 

SiOo 51.83 per cent. 

TagO., 0.39 per cent. 

ZrO.^ 11.45 per cent. 

FeO 4.37 per cent. 

MnO 0.37 per cent. 

CaO 14.77 per cent. 

MgO 0.11 per cent. 

NaoO 13.29 per cent. 

K2O 0.43 per cent. 

CI 1.42 per cent. 

Ignition 1.88 per cent. 

100.31 
Specific gravity, 2.81. 
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Eucolite has the following composition : 

SiOo 45.15 per cent. 

TaoOr, 3.52 per cent. 

ZrOo 12.51 per cent. 

CcgOa 4.80 per cent. 

Y0O3 0.32 per cent. 

FeO 3.90 per cent. 

MnO 3.60 per cent. 

CaO 12.11 per cent. 

NaoO 11.17 per cent. 

K.O 0.11 per cent. 

CI 0.55 per cent. 

Ip:nition 2.11 per cent. 



99.85 



Polymignite occurs at Fredriksvaern and on the 
island Svenoer in Norway, associated with feldspar, 
pyrochlore and magnetite. It is said to have been 
found also at Beverly, Massachusetts. In composition 
it is a niobate, titanate and zirconate of the cerium 
metals, iron and calcium. It crystallizes in slender 
prisms, which are vertically striated, and has a per- 
fect conchoidal fracture, a hardness of 6.5, specific 
gravity 4.77 to 4.85, submetallic brilliant lustre, and 
a dark-brown streak. The mineral is opaque and its 
constituents are as follows: 
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NbgOji 11.99 per cent. 

TagOg 1.35 per cent. 

ZrOo 29.71 per cent. 

TiOo" 18.90 per cent. 

Thdg 3-92 per cent. 

SnOg 0.15 per cent. 

(YEr),03 2.26 per cent. 

CcoOs 5.91 per cent. 

(LaDi)20y 5.13 per cent. 

FcoOg 7.66 per cent. 

AloO., 0.19 per cent. 

Feb 2.08 per cent. 

MnO 1.32 per cent. 

CaO 6.98 per cent. 

M^O 0.16 per cent. 

HoO 0.28 per cent. 

PbO 0.39 per cent. 

Alkalies 1.36 per cent. 

99.74 

To the ^em varieties of zircon belong azorite from 
Sao Miguel, one of the Azores, which is colorless or 
pale-greenish, and occurs very seldom in sufficiently 
large size to serve as a gem ; hyacinth, a name includ- 
ing the bright-colored varieties of zircon, which are 
sometimes large enough to be valuable as gems, and 
occur in Ceylon ; zirconites, the gray or brownish kinds 
of hyacinths, and the jargons, also from Ceylon, and 
described under * * History. ' ' 

Gem zircons are found in Maine at Litchfield, at 
Mount Mica in Paris, Grenwood and Hebron ; in Ver- 
mont at Middleburg; in Connecticut at Norwich and 
Haddani, in New York at Hall's mine in Moriah. Es- 
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sex county, near the outlet of Two Ponds, and on Deer 
hill. Orange county; at Warwick, near the southern 
base of Mount Eve, near Amitj^; at Diana in Lewis 
county : at Hammond in St. Lawrence county, and at 
Johnsburg in Warren county. Further places of oc- 
currence in the East are : Franklin and Trenton, New 
Jersey; Reading and Easton, Pennsylvania; the gold 
sands of Burke, McDowell, Polk, Rutherford and Hen- 
derson counties, North Carolina, and, in the last 
named county, especially the south side of the Blue 
Ridge, near Green river, at the Freeman mine, where 
zircon has been mined in large quantities for technical 
purposes, as mentioned under *' Chemistry and Com- 
mercial Points/' Zircon is also known to occur in 
magnetic beds of the Unaka mountains, North Caro- 
lina, some of the localities named above having fur- 
nished beautiful specimens of fine zircon, answering 
for gems, besides large amounts of the rough variety. 
Tn ('olorado zircon is found associated with astrophy- 
lite, a compound silicate containing zirconia; at St. 
Peter's Dome, Pike's Peak, El Paso county, Colorado, 
and at Cheyenne mountain, where it occurs in bril- 
liant reddish-brown to pink or green crystals in 
quartz, often surrounded with kaolinite. In Califor- 
nia the auriferous gravel of the north fork of the 
American river furnished zircons, also that of Spring 
valley, Cherokee, Butte county, Eagle gulch and Rock 
Island hill, Plumas county ; Picayune flat and Fresno 
county. Furthermore, several localities in Canada, as 
Grenville, Argenteuil county: St. Jerome, on the 
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North river, in Terrebonne county; Mille isles, where 
zircons are abundant an.l occur sometimes in very 
large crystals, with gigantic titanites, are known as 
places of occurrence ; also the apatite deposits in Tenr- 
pleton and adjoining townships in Ottawa county, 
Quebec; furthermore Sebastopol township, Renfrew 
county, and Brudenell township of the same county, 
where crystals of six inches length and two or more 
inches thickness are found: also North Burgess, Lan- 
ark county, and Pic island, Lake Superior. 

Analyses of gem zircons gave the following 
figures : 

From Ceylon, Ceylon, Ceylon, Norway, 

Color- Yellow- Transpar- Dark 

less. ish. ent. Yellow- 
Brown. 

SiO^ 33.90 32.87 33.81 32.53 

ZrOo 64.80 64.25 66.32 64.05 

Fe..6. None 2.04 Trace 2.sr> 



98.70 99.16 100.13 99.43 

Finally there is a number of rare zirconiiuii min- 
erals known as altered or zircon-like minerals, con- 
taining zirconia percentages, varying between 3.92 
and 68.96, and associated with considerable amounts 
of the oxides of cerium, yttrium, erbium and uran- 
ium. 

The habitat of the majority of these altered zir- 
cons is Norway, Finland, Sweden and Russia, while 
crytolite, which is one of them, containing from 60.78 
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to 66.93 per cent. ZrOg, occurs at Rockport, Massa- 
chusetts, in granite. It has a hardness of 5 to 5.5, 
which is increased to 7 and 7.5 by ignition, a specific 
gravity of 3.98 to 4.04 and a somewhat adamantine 
lustre. Its color is brownish-red, and the powdered 
mineral has the same tint. A mineral resembling 
crytolite is found rather abundantly in crystalline ag- 
gregates and in massive form at Branchville, Con- 
necticut, also in Mitchell and Henderson counties, 
North Carolina, further in similar condition and in 
large quantities in Llano county, Texas, with gado- 
linite and other rare species. It has a specific gravity 
of 3.652, but has not been analyzed. Finally a min- 
eral from the granite of DeviPs Head mountain, 
Douglas county, Colorado, in the Pike's Peak region, 
remains to be mentioned. It occurs in tapering indis- 
tinctly crystalline forms, has a brown color, a specific 
gravity varying between 3.60 and 3.70 and 3.64, and 
is described as an ill-defined zirconium mineral, allied 
to crytolite. Analysis shows its composition to be in 
one case as follows : 



ZIRCONIUM. 183 

SiOg 19.21 per cent. 

ZrOg 51.00 per cent. 

CCaOg - 0.60 per cent. 

ErgOg 4.55 per cent. 

Y2O3 3.13 per cent. 

FCgOa "^-^^ P^^ ^®^^- 

MnO 9.33 per cent. 

CaO 2.15 per cent. 

K2O 0.17 per cent. 

NagO 0.42 per cent. 

H2O 12.97 per cent. 

P2O3 0.93 per cent. 

Fl ." 0.42 per cent. 

100.74 

Detection.— Of all the earthy oxides ZrOo is the 
only one which remains entirely unaltered when sub- 
mitted to the action of the oxyhydrogen flame, and 
gives out the most intense and the most fixed light. 
Moistened with cobalt nitrate, and intensely heated, 
the mass becomes of a dirty violet color. With borax 
zirconia yields a colorless glass, which becomes 
slightly opaque when cold. 

Qualitative Determination. — NH^OH and 
(NH4)2S produce a white flocculent precipitate of 
zirconium hydrate ZrCOII)^, insoluble in excess, and 
also in NaOH or KOIT. (Distinction from Al and 
Be.) 

KOH or NaOII produce the same precipitate, in- 
soluble ;n excess, not dissolved by a boiling solution of 
XII4CI. (Distinction from Be.) 

(NH4)2CO;i produces a white flocculent precipi- 
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tate of basic carbonate, readily soluble in excess, and 
reprecipitated on boiling. (Distinction from Al.) 

K2CO3 and NaoCOg produce the same precipitate, 
which dissolves in a large excess of K2CO3, especially 
of KHCO3. (Distinction from Al.) 

BaCOa gives no precipitate in the cold, and precip- 
itates zirconium salts imperfectly, even on boiling. 

Oxalic acid gives a bulky precipitate of zirconium 
oxalate (distinction from Al and Be), insoluble in 
excess, difficultly soluble in HCl, soluble in excess of 
ammonium oxalate. (Distinction from Th.) 

HFl produces no precipitate. (Distinction from 
Th and Y. ) 

NagSoO^ precipitates zirconium hyposulphite, 
ZrS406. (Distinction from Y, Er and Di.) The sep- 
aration takes place on boiling, even in the presence of 
100 parts of water to one of ZrOo. (Distinction from 
Ce and La.) 

Zirconium sulphate, Zr(S04)o, forms with K0SO4 
an insoluble double sulphate of Zr and K, insoluble in 
excess of K2SO4. (Distinction from Al and Be.; 
AVhen precipitated cold, it dissolves readily in a large 
proportion of HCl, but is almost insoluble in water 
and HCl, when the K0SO4 is added to a hot solution. 
(Distinction from Th and Ce.) 

Turmeric paper, when dipped into a HCl solution 
of a zirconium salt, acquires a brownish-red color 
after drying in the water bath. (Distinction from 
Th.) 
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But titanic acid, the only other metallic compound 
which aflPects turmeric paper under the same circum- 
stances, colors the paper brown, and its presence may 
therefore prevent the zirconium from being recog- 
nized. If the TiOg be, however, first reduced by 
means of zinc and HCl to the state of sesquichloride 
— the reduction being marked in the solution by a 
change of color to pale-violet or blue — it no longer 
colors turmeric paper, and any change in the color 
of the latter is then due to zirconium alone. The re- 
action requires great care, however, as, on exposure of 
the paper to air the TigOg passing again to the state of 
TiOg, would in its turn color the turmeric paper, and 
thus render the observation doubtful. 

Quantitative Estimation. — Heat the zircon-bear- 
ing mineral to redness in a crucible, cast the hot mass 
into water, and pulverize the lumps thus obtained 
very finely in an agate mortar. Weigh oflP one gram 
of the fine powder, mix it with four grams of sodium 
carbonate and a small quantity of potassium nitrate, 
and heat the mixture in a platinum crucible over the 
blast until fused. Place the fused mass into a beaker, 
add water and hydrochloric acid, as usual, and a few 
drops of nitric acid, and evaporate to dryness to re- 
move silica. Filter oflP the latter and add to the fil- 
trate ammonia in excess, whereby zirconia, mixed 
with alumina and ferric oxide, are precipitated in the 
hydrated state. Allow to settle, filter, and dissolve 
the well-washed precipitate in hydrochloric acid, di- 
lute the solution, saturate nearly with sodium carbon- 
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ate, cool completely and add sodium hyposulphite 
(thiosulphate) to the liquid until it is entirely decol- 
orized. Boil as long as sulphur dioxide is evolved, 
collect the precipitated zirconium hydrate, Zr(0H)4, 
on a filter, wash, dry, ignite and weigh as ZrOg. The 
pulverized zirconium mineral may also be decomposed 
by fusing it with four parts of sodium hydrate in a 
silver crucible. 



\ 



CHAPTER XXII. 



CERIUM. 



History. — Cerium, one of the rare earth metals, 
was discovered in 1803 almost simultaneously by Kla- 
proth, Hisinger and Berzelius, and was thus called 
by the latter from the asteroid Ceres, which had been 
discovered two years before. Klaproth isolated the 
base '*ceria'' from a Swedish mineral, known as och- 
roite, but identical with cerite, and named it ochroite- 
earth from the Greek term meaning brownish-yellow. 
On being informed of the discovery of Hisinger and 
Berzelius, and the appellation ceria chosen by them, 
Klaproth proposed the names **cererium'' and **cer- 
erite^' respectively for the element and the mineral, 
lest the words cerium and cerite should appear to be 
derived from **kera,'' the Greek term for wax. Sub- 
sequently he accepted, however, the names proposed 
by Hisinger and Berzelius. 

Chemistry and Commercial Points. — A large 
number of elements are classed under the heading of 
* * rare earths, ' ' among them being cerium, lanthanum, 
didymium, yttrium, ytterbium, scandium and erbium. 
Cerium occurs as a rule associated with lanthanum 
and didymium in nature, and it may be said, that 
either of these bodies is usually found in minerals, 
combined with a number of other elements of the 
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same group. Four of them, namely cerium, lantha- 
num, scandium and ytterbium, have been thoroughly 
investigated, and their atomic weights determined, 
but the latest researches show that yttrium, didymiiun 
and erbium are to be considered as complex bodies. 
These three elements will, therefore, find but scant 
attention in the following lines, since spectrum analy- 
sis has proven that yttrium consists of not less than 
five distinct metals, didymium of nine or ten, and er- 
bium of two different bodies. The same consideration 
holds good for another series of rare earth metals, 
known as holmium, mosandrium, thulium and samar- 
ium, which were obtained by a number of fractiona- 
tions, holmium and mosandrium having been showoi 
to be mixtures of two substances, and thulium and 
samarium to be of similar character. Whether these 
constituents can be further subdivided has still to be 
determined. 

The most important earth metal of the class is 
cerium of the atomic weight 140.2 and speci- 
fic gravity 6.72. It may be obtained in the 
metallic condition by the electrolysis of the 
fused chloride, and represents then a body 
resembling iron in color and lustre, which fuses 
at about 950° C. It is ductile and malleable, oxidizes 
in moist air, and slowly decomposes water with the 
formation of the hydroxide and the generation of hy- 
drogen. If heated in air it burns with greater bril- 
liancy than magnesium, and it combines directly with 
the halogens. 
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The importance of cerium compounds in the man- 
ufacture of Welsbach's mantles was pointed out under 
** thorium/' but cerium salts have also found applica- 
tion in a number of other commercial pursuits. 
Among the latter is the utilization of cerium sulphate 
of the formula CcaC 804)3 ^^^ ^^^ development of ani- 
line black, its effect being said to be superior to that 
of the vanadium preparation. As the presence of the 
several metals associated with the mineral cerite — 
which is virtually a silicate of cerium, didymium and 
lanthanum, and serves for the production of the ma- 
jority of cerium salts — does not interfere with the 
application of the crude solution, obtained from it for 
the dyeing process, one kilo of the finely powdered 
mineral is treated with its own weight of concen- 
trated sulphuric acid and digested at a gentle heat 
with occasional stirring. Much heat is developed, 
and a portion of the acid volatilized thereby, so that 
at the end of the operation a dry gray mass remains, 
which is powdered, mixed with 250 to 300 grams con - 
centrated sulphuric acid, digested at a gentle heat for 
some days and the acid expelled by heating on a sand 
bath. The resulting gray powder is cast in small por- 
tions into cold water, under constant agitation and 
frequent addition of ice, to keep down the tempera- 
ture, the mixture digested with occasional stirring for 
a day or two, and the liquid decanted, when the resi- 
due is again treated with water to remove all soluble 
constituents. One kilo of cerite produces about twenty 
liters of solution, which may be used directly or evap- 
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orated, and the clear rose-colored crystals, separating 
from the liquid, dissolved in cold water. Of this solu- 
tion ten cubic centimeters, containing about one-third 
gram of cerium sesquioxide, is sufficient to develop 
over 110 liters of the printing solution, containing 
over six kilos of the aniline salt. The cloth being 
printed is aged at 38° to 43° C. for about eight hours, 
when the deep blue-black color characteristic of the 
cerium salt is developed in a weak aniline bath. 

Many of the organic cerous salts have found appli- 
cation in medicine, the oxalate having proved a useful 
sedative in cases of hysteria, while it is said to be a 
good specific against seasickness. Other salts of cer- 
ium, like the double citrates, tartrates and lactates of 
cerium, potassium, sodium and ammonium, are also 
used medicinally. 

Metallic cerium in powder form is retailed at $4 
per gram, the nitrate at 35 cents per ounce and the 
oxalate at 90 cents per pound. 

IMiNERALOGY. — One of the principal cerium miner- 
als is cerite, whose habitat is Bastnaes in Sweden, 
where it forms beds in gneiss and is associated with 
mica, hornblende and chalcopyrite. It bears consid- 
erable resemblance to the red granular variety of cor- 
undum, but is readily distinguished from it by its in- 
ferior hardness, that of corundum being 9 and that of 
cerite 5.5. The mineral is rarely found crystallized, 
and if so, in prismatic forms, is brittle and slightly 
translucent, has a splintery fracture and a specific 
gravity varying between 4.86 and 4.912, and an ada- 
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mantine or resinous lustre. Its color verges from 
clove-brown and cheny-red to gray, and its strecik is 
grayish-white. In composition it is a hydrated sili- 
cate of cerium, didymium and lanthanum, with ad- 
mixtures of small amounts of iron, lime and occasion- 
ally alumina, as becomes apparent from the following 
analytical data : 

I. II. 

SiOg 22.79 19.18 per cent. 

CcOg 24.06 64.55 per cent. 

LajOsj 35.37 7.28 per cent. 

FeO 3.92 1.54 per cent. 

AlgOj 1.26 None 

CaO 4.35 1.35 per cent. 

H2O 3.44 5.71 per cent. 

Gangue 4.33 None 

99.52 99.61 
Specific gravity of II., 4.86. 

Cerite gives oflF water when heated in a test tube, 
and is infusible in the blowpipe flame. When heated 
in the oxidizing or outer flame, it forms a yellow glob- 
ule, which becomes almost colorless on cooling ; in the 
reducing or inner flame it shows a weak iron reaction. 
With soda it fuses in the flame to a dark yellow, 
slaggy mass, but does not dissolve, and forms a gela- 
tinous body, when treated with hydrochloric acid. 

A second mineral, to be considered under this head, 
is orthite, also known as allanite, which occurs in 
Greenland in granite; at Criffel, Scotland, in small 
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crystals; at Jotun Pjeld, Norway, in a kind of por- 
phyry, and at Snanim, Norway, in albite, along with 
rntile and apatite. In the United States it is found 
in Massachusetts at the Bolton quarry, at S. Royalton 
in boulders, in Athol, on the road to Westminster in 
gneiss, and at Swampscot, near Marblehead; also in 
Connecticut at Allen's \ein, in the gneiss quarries, 
Haddam; in New York near West Point in tabular 
crystals ; at Moriah, Essex county, with magnetite and 
apatite, some of the crystals being eight to ten inches 
long, six to eight broad and one to two inches thick, 
and at Monroe in Orange county. In New Jersey it is 
met with at Franklin with feldspar and magnetite ; in 
Pennsylvania at South Mountain, near Bethlehem, in 
large crystals; at East Bradford in Chester county, 
and in abundance at Priceton, near Reading, Berks 
county. In Virginia orthite occurs in large masses in 
Amherst county, and also in Beldford, Nelson and 
Amelia counties ; in North Carolina in crystals at the 
hiddenite mine in Alexander county with emerald, 
also in Mitchell county at the Wiseman mica mine, at 
Balsam Gap, Buncombe county, and massive in large 
quantities near Bethany Church, Iredell county, also 
at Democrat Post Office, Madison county, and at Brin- 
dletown and the zircon mines in Henderson county. 
In Colorado it is found at Devil's Head mountain. 
Douglas county, and as an accessory rock constituent 
in many localities. In Canada it occurs at Bay St. 
Paul, Charlevoix county, Quebec ; in a rock composed 
of labradorite (an aluminum, calcium, sodium sUi- 
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<5ate), and hypersthene (a. silicate of magnesia, iron, 
alumina and lime) from Lake St. John, Chicoutimi 
county, Quebec, and at Hollow lake, headwaters of 
the South Muskoka, Ontario. The variety from Doug- 
las county, Colorado, and that from Amelia county, 
Virginia, analyze as follows : 

Amelia County, Douglas County, 

Virginia. Colorado. 

«i02 32.35 31.13 per cent. 

ThOo None 0.21 per cent, 

AI2O3 16.42 11.44 per cent. 

PcjOs 4.49 6.24 per cent. 

CejOg 11.14 12.50 per cent. 

DioOg 6.91 ) 

LagO.T 3.47 ) 10.98 per cent. 

Y2O3 None None 

ErjOg None 0.27 (BeO)pc. 

PeO . : 10.48 13.59 per cent. 

MnO 1.12 0.61 per cent, 

CaO 11.47 9.44 per cent. 

MgO None 0.16 per cent. 

K,0 1 

NaoOJ 0.46 Trace per cent. 

HoO 2.31 2.78 per cent 

100.62 99.91 

Specific gravity: Virginia mineral, 3.323; Colo- 
rado mineral, 3.520. 

All kinds and varieties of orthite yield water, when 
being strongly heated in a closed tube, fuse easily bo- 
fore the blowpipe and swell up to a dark, blebby, mag:- 
netic glass. They give the reactions for iron with 
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fluxes, and most of them form a gelatine, when treated 
with hydrochloric acid, but they are not decomposed 
by acids, if ignited previously. Orthite is often found 
crystallized in flat tabular forms, or in long, slender 
and sometimes acicular prismatic crystals, also mas- 
sive and in embedded angular or rounded grains. Its 
fracture is uneven or sub-conchoidal, its hardness 5.5 
to 6, and its specific gravity 3.5 to 4.2. It is brittle, 
of a color varying between pitch-brown and black, or 
brownish, greenish, grayish or yellowish, with a sub- 
metallic, pitchy or resinous and sometimes vitreoua 
lustre. The mineral is subtranslucent to opaque, and 
its streak mostly gray, but sometimes slightly greenish 

or brownish. 

A third cerium bearing mineral, known as gado- 

linite, and thus named from the Swedish chemist Gad- 

olin, who discovered the presence of a new oxide,. 

yttria, in it as early as 1794, occurs at Ytterby, near 

Stockholm, and in a number of localities in Sweden 

and Norway, but also in Llano county, Texas, on th-^^ 

west bank of the Colorado river, five miles south or 

Bluffton. It is found at the latter place in nodular 

masses and rough crystals, sometimes forty to sixty 

pounds in weight, but averaging generally but half 

a pound. Gadolinite occurs also at Devil's Head 

mountain, Douglas county, Colorado. Analyses of the 

Colorado and Texas varieties gave the following data r 
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Douglas County, Llano County, 
Colorado. Texas. 

SiOj 22.13 23.79 per cent. 

ThOg 0.89 0.58 per cent. 

YjOg 22.24 41.55 per cent. 

CegOg 11.10 2.62 per cent. 

(DiLa)^ 21.23 5.22 per cent. 

FegOa ^•^'^ 0.96 per cent. 

FeO 10.43 12.42 per cent. 

BeO 7.19 11.33 per cent. 

CaO 0.48 0.74 per cent. 

NaoO 0.46 Trace per cent. 

H2O 0.86 1.03 per cent. 

PgO.^ None 0.05 per cent. 

100.48 100.29 

Specific gravity: Colorado mineral, 4.560; Texas 
mineral, 4.239. 

Besides these three cerium minerals there are 
woehlerite, fergusonite, euxenite, thorite, samarskit<3 
and columbite, most of which have been described be- 
fore. The first of them has been named from the dis- 
tinguished chemist, Frederic Woehler. Its habitat is 
a number of islands in the Langesund fiord, near Br^- 
vik, in Norway, none of the mineral having been dis- 
covered so far in the United States. It has a color 
ranging between light-yellow, wine-honey, resin-yel- 
low, brownish and grayish, is brittle, conchoidal to 
splintery in fracture, of hardness 5.5 to 6, and specific 
gravity 3.41 to 3.44. Its lustre is vitreous, inclining 
to resinous, its appearance transparent to subtranslu- 
•ent, and its streak yellowish-white. In a strong heat 
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of the blowpipe it fuses to a yellowish glass, and gives 
with fluxes the reactions of manganese, iron and silica. 
It dissolves easily, when heated with hydrochloric 
acid, silica and niobium pentoxide separating out. The 
composition of woehlerite is given by the following 
data: 

SiOz 30.12 per cent. 

ZrO, 16.11 per cent. 

TiOs 0.42 per cent. 

NbsOj 12.85 per cent. 

Fe„0^ 0.48 per cent. 

Feb ' 1.26 per cent. 

MnO 1.00 per cent. 

CaO 26.95 per cent. 

MgO 0.12 per cent. 

NaoO 7.50 per cent. 

HoO 0.74 per cent. 

Fl" 2.98 per cent. 

CcoOa 0.66 per cent. 

101.19 
Specific gravity, 3.442. 

The rare earths are also found in small quantities, 
and usually associated with calcium, in the ashes of 
plants, and in boneash, various limestones, apatites 
and scheelites. 

Detection. — All cerium compounds give with 
borax or microcosmic salt in the outer flame a clear 
bead, which is dark-red while hot (distinction from 
the other earths), fainter or nearly colorless on cool- 
ine:. In the inner flame, a colorless bead, or if eerie 
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oxide is present, a yellow opaque bead is obtained. 
Lanthanum compounds give colorless beads, and 
didymium compounds give with borax colorless, or, if 
in large quantity, pale rose-colored beads, in both 
flames, and with microcosmic salt, in the reducing 
flame, an amethyst-red bead, inclining to violet. 

QuAiiiTATiVE Determination. — Cerous com- * 
pounds, like the chloride, give with (NH4)2S a preci- 
pitate of white cerous hydrate, insoluble in excess. 
Cerous chloride is not volatile. (Distinction from A), 
Be and Zr.) Cerous sulphate is not entirely soluble 
in boiling water. 

NH4OH precipitates a basic salt, insoluble in ex- 
cess, the presence of tartaric acid prevents the preci- 
pitation by ammonia (distinction from Y), but not 
by KOH. KOH or NaOH precipitate white cerous 
hydrate, insoluble in excess, which turns yellow on 
exposure to the air, or when acted upon by oxidizing 
agents, such as chlorine water, sodium hypochlorite, 
etc., being converted into the yellow hydrated cerous- 
ceric oxide Ce204 SHgO. (Distinction from A\ 

and Be.) 

K2CO3, NajCOg or (NH4)2C03 produce a white 

precipitate of cerous carbonate, Ce2(C03)3 sparingly 
soluble in excess of the fixed carbonates, somewhat 
more soluble in (NH4)2C03; insoluble in water and 
CO2; decomposed by dilute acids. BaC03 precipi- 
tates cerium salts slowly, but completely on standing. 
Oxalic acid or ammonium oxalate precipitate cer- 
ium compounds completely, even from moderately 
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acid solutions as a curdy white precipitate (turning 
slowly crystalline) of cerous oxalate Ce( €204)3 9H2O, 
insoluble in excess of the reagents (precipitant*) ; 
(distinction from Zr) but soluble in a large excess 
of HCl. On ignition cerous oxalate leaves yellowish- 
white cerous-ceric oxide Ce304 or CeOo. (Distinction 
from Al and Be, which form soluble oxalates.) 

A saturated solution of potassium sulphate pro- 
duces a white crystalline precipitate of potassium 
cerous sulphate Ce2( 804)3 SKaSOi-fHoO even from 
somewhat acid solutions. (Distinction from Al and 
Be), difficultly soluble in cold water, readily soluble 
on heating, quite insoluble in a saturated solution of 
K2SO4 (distinction from Y and Er), soluble in much 
dilute HCl. With dilute solutions the precipitate 
takes some time to form. This characteristic precipi- 
tate, as well as the easily distinguished oxalate, and 
the yellow precipitate of cerous-cerie oxide — free 
from La and Di, precipitable in the filtrate as ox- 
alates — which oxidizing agents produce, serve to dis- 
tinguish cerium from all other metals. 

Ckkic Compounds. — Salts of CeOo, such as the sul- 
phate and oxalate are yellow, and are either difficultly 
soluble or insoluble in water. When CeOo is heated 
with HCl it does not form CeCl4, but yields 
(CeCl3)o+Cl2. Oxidizing agents, such as CI, passed 
into a solution of KOH containing Ce.(On)^j in sus- 
pension ; sodium hypo-ehlorite, PbOo, HNO^, HgO, or 
potassium permanganate, convert cerous into eerie 
compounds, and furnish methods for the separation 
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of Ce from La and Di. Reducing agents produce the 
reverse chemical action. Cerium resembles in this 
respect iron rather than aluminum. 

Quantitative Estimation. — In case the separation 
of Ce from La and Di is intended, a convenient 
method consists of treating the cerous salts with PbOo 
and dilute HNO3, when the solution turns yellow, 
even if only small quantities of cerium be present. 
By evaporating the yellowish solution to dryness and 
heating sufficiently to drive off part of the HNO,, 
so as to form a basic eerie nitrate, insoluble in water 
or dilute HNO3, lanthanum and didymium can be dis- 
solved out as nitrates. After removing the lead 
nitrate from the solution by HoS, the La and Di are 
precipitated as oxalates. The residuary basic eerie 
nitrate is dissolved in fuming HNO3, and lead re- 
moved by HgS, and the cerium precipitated as ox- 
alate. 

The minerals carrying rare earths are as a rule 
silicates, phosphates, niobates, or tantalates of the 
earths, accompanied by the more common bases, such 
as oxides of iron, calcium, aluminum, manganese and 
others. 

The most important primary point, assuring suc- 
cess, when analyzing these earths is the reduction of 
the mineral to a very finely pulverized and impalpable 
powder, by grinding it first on the bucking board, 
then passing it through a hundred and twenty mesh 
sieve, then rubbing it down in a Wedgewood mortar, 
and finally working it in an agate mortar, so as to 
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facilitate its decomposition by acids. One, two or 
five grams of the mineral having been weighed off, 
the pulverized mass should be covered with hydro- 
chloric acid in a casserole, and the mixture heated to 
boiling, and ebullition continued, under frequent 
addition of fresh portions of the acid, until the min- 
eral is entirely decomposed, which condition can be 
ascertained by examining the appearance of the silica 
usually remaining, which should be white. The earths 
and oxides, thus brought into solution, are now pres- 
ent as chlorides, and the liquid should be evaporated 
as usual to separate silica. 

Minerals of the rare earths are in cases, however, 

not decomposable by hydrochloric acid, and in such 
an emergency the ore should be heated with an excess 
of concentrated sulphuric acid, and the excess of 
acid driven off until voluminous vapors of the an- 
hydride SO3 appear. The mass is finally reduced to 
dryness, and the residue dropped in small portions 
and with occasional stirring into a beaker, half filled 
with distilled water, and surrounded by pieces of 
ice. The mixture is then allowed to stand for half 
an hour, when the sulphates of the rare earths and 
of some of the other bases present will have been 
dissolved. 

Some minerals, containing rare earths, cannot be 
decomposed even by sulphuric acid, and must be 
fused, therefore, with an excess of acid sodium sul- 
phate. The fused mass thus obtained is allowed to 



CERIUM. 201 

cool, and then introduced into iced water, as de- 
scribed above. 

In this manner there results a solution of acid re- 
action, containing either the chlorides or sulphates of 
the bases, which is separated from the residue by 
filtration. To the filtrate is added a saturated solution 
of oxalic acid in excess, when the oxalates of the raro 
earths, together with small amounts of iron, lime, etc., 
are precipitated. The oxalates are allowed to settle, 
the supernatant liquid is drawn off, and the precipi- 
tate washed by decantation with hot water contain- 
ing one per cent, of hydrochloric acid, until the wash 
water gives no reaction for iron. The oxalates are 
then brought upon a filter, dried and ignited. The 
resulting oxides are dissolved by heating them with 
concentrated nitric acid, when the solution is diluted 
and treated with ammonia. The precipitated hydrox- 
ides are washed by decantation with water, and then 
dissolved in hydrochloric acid. Hydrogen sulphide 
is passed through a portion of this solution, and if a 
precipitate results, the whole of the solution is treated 
with the gas. The precipitated sulphides are filteroil 
off, the filtrate is freed from hydrogen sulphide either 
by heat or by blowing carbon dioxide or air through 
the liquid, and any sulphur that may have sep- 
arated is removed by filtration. The clear solution 
thus obtained contains the rare earths practically free 
from other elements. 
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LANTHANUM. 



History. — Lanthanum, which received its name 
from the Greek term meaning **to be concealed," was 
discovered and thus named by Mosander about 1820. 

Other Points. — Lanthanum has not found any 
commercial application unto the present. It is known 
to be present in cerite, and its separation from the 
other rare earths is a most laborious process, the 
amount of the earth obtainable in anything like a pure 
state being very small in comparison to the mass of 
material worked. When separating its compounds, 
reference must be had, therefore, to publications of 
specialists. 

The metal itself has the atomic weight 138.2, and 
a specific gravity 6.16, and resembles iron in color and 
lustre, oxidizes in the air and burns, when introduced 
into a flame, with a bright light. It is usually pre- 
pared by electrolyzing the chloride. 

Qualitative Determination. — This metal forms 
only ous-salts, which are colorless, when free from 
didymium salts, land possess a sweet astringent tast3. 
Lanthanic oxide is white, and is not altered, even by 
strong ignition (distinction from Ce), being still read- 
ily soluble in acids. Both the oxide and the hydrate 



LANTHANUM. 203 

turn red litmus paper blue. It decomposes ammonium 
salts, in solution, on boiling, with evolution of NH,. 
Lanthanum resembles in this respect magnesium. A 
solution of lanthanum sulphate, saturated in the cold, 
deposits a portion of the salt at 30° C. (Dis- 
tinction from Ce.) In its reactions lanthanum re- 
sembles closely cerium. 

NH4OH and (NH4)2S precipitate basic salts, 
which pass milky through the filter on washing. 

KOH or NaOH precipitate lanthanum hydrate 
LaaCOH)^ insoluble in excess, unalterable in the air, 
or in the presence of oxidizing agents. (Distinction 
from Ce.) 

(NH4).C03 gives a precipitate which is insoluble 
in an excess of the reagent. (Distinction from Ce.) 

KoCOa, NaoCOa, BaCOg, oxalic acid or potassium 
sulphate give similar precipitates as with cerium salts. 

When the slimy precipitate, which a cold dilute 
solution of lanthanum oxide yields on supersaturation 
with NH4OH, is washed repeatedly with cold water, 
and a few small crystals of iodine are added to it, a 
blue coloration is produced, which gradually pervades 
the entire mixture. (Characteristic for lanthanum 
only. ) 
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YTTERBIUM. 



History. — ^Ytterbium was discovered by.Marignac 
in 1878 when investigating closely the minerals gado- 
Unite and euxenite. He named the oxide **ytterbia'' 
from Ytterby, Sweden, the place of occurrence of the 
minerals. 

Chemistry and Commerciai. Points. — The atomic 
weight of ytterbium is 173. Euxenite is the most 
abundant source of this earth metal, where it is ac- 
companied by the oxides of six or seven closely related 
elements, as scandium, thallium and others. Ytterbia 
has been separated by the very tedious process of 
evaporating the nitrates, and heating considerably, 
whereby basic salts insoluble in water are formed, Sc, 
Th, Di, Er and Y being relatively less soluble than 
ytterbium. The pure earth is obtained from the 
nitrate by addition of oxalic acid and igniting the 
oxalate. No commercial use has been established for 
this element or its compounds. 

The mineralogical points referring to ytterbium 
have been given before. Its detection is best accom- 
plished by spectrum analysis. 

Qualitative Determination. — YboOg is a heavy 
white difficultly fusible powder, easily soluble in 
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warm dilute acids. The solutions are colorless. Spe- 
cific gravity of oxide, 9.175. Its salts have a sweet 
taste. The nitrate is scarcely decomposed by heating, 
and remains soluble. (Characteristic.) NH4OH pre- 
cipitates the hydrate YbgCOH)^. The sulphate 
Yb, (804)3 is soluble in water. The acid selenite 
Yb2(Se03)3 H2Se03 4H2O, precipitated from neutral 
solutions, is white and insoluble. The oxalate 
Yb( €204)3 IOH2O is insoluble in dilute acids. 

Quantitative Estimation is effected according? to 
tht points given above. 



CHAPTER XXV. 



SCANDIUM. 



History. — A special interest attaches to scandium, 
since its existence was deduced theoretically by the 
Russian chemist Mendeleef from the periodic system 
of the elements. He namefl it ekaboron, and aiS the 
** scandium'' discovered by Nilson in 1879 during the 
separation of some of the rare earths showed exactly 
the properties predicted by Mendeleef, the discovery 
of Nilson formed a further confirmation of the re- 
liability of the Russian's method. Thus the atomic 
weight of the metal was found to be 44, and to fill 
the gap between calcium and titanium. It is, there- 
fore, found in the third group of the table of the 
periodic system, which is headed by boron and alum- 
inum. Scandium was named thus by Nilson m honor 
of his country, the Scandinavian peninsula, where 
the minerals containing the earth were originally 
found. 

The metal or its compounds have no commerci:il 
importance. 

Mineralogy. — Scandium occurs in the minerals 
euxenite, gadolinite and keilhauite or yttrotitanite, 
but in such small quantities that they are usually not 
determined in ordinary analyses. Thus in one case 
four kilos of gadolinite furnished only 0.8 gram of 
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scandium oxide, and 3 kilos keilhauite 1.2 grams of 
the base. The latter mineral was named after Pro- 
fessor Keilhau of Norway. The habitat of these min- 
erals is Arendal and Snaruni, Norway, and the islands 
Buoe, Askeroe, Alve and Narestoe, where they occur 
in feldspathic rock, in crystals weighing sometimes 
two and a half pounds, and in masses of fifteen to 
twenty pounds. They are to be considered as titano- 
silicates of the yttrium metals, and of calcium, alum- 
inum and ferric iron. Keilhauite has a quite distinct 
cleavage, a hardness of 6.5, and a specific gravity of 
3.52 to 3.77. Its lustre is vitreous to resinous, its color 
in most cases brownish-black, which appears brownish - 
red and translucent in splinters, but also dull-brown 
and pale grayish-brown in some specimens. Its streaiv 
verges between grayish-brown and pale dirty-yellow. 

Before the blowpipe the mineral fuses with intu- 
mescence easily to a black shining glass, and yields 
an iron-colored glass with borax, which becomes 
blood-red in the inner flame. With salt of phos- 
phorus it gives the iron reaction and a silica skeleton, 
and in the inner flame a violet bead. It is decomposed 
by hydrochloric acid. The detection of the element 
scandium may be accomplished by spectrum analysis. 

Qualitative Determination. — Scandium has the 
atomic weight 44.1. The earth concentrates in the in- 
soluble basic nitrates on the separation of Yb. Its 
nitrate is next to Yb in difficulty of decomposition b}' 
heat, the two earths differing greatly in this respect 
from Er, Tb, Y and others. Yb and Sc may be sep- 
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airated by heating their nitrates, or by precipitation 
of scandium potassium sulphate by addition of 
K2SO4. ScgCSOJs 3K0SO4 is quite insoluble, the Yb 
salt is soluble, however. ScgOg is white, of specific 
gravity 3.864, and resembles MgO or BaO; it is dif- 
ficultly fusible, and is not very soluble in aeids. 
NH4OH precipitates ScoCOH)^, insoluble in excess of 
KOH or NH4OH. The oxalate is slightly soluble in 
water (1 in 1080). Other salts are very similar to 
those of Yb. 

Quantitative Estimation. — Exact quantitative 
methods for the separation of some of the rare eartlis 
are not yet known. 



CHAPTER XXVI. 



TITANIUM. 



History. — Titanium was discovered in 1791 by 
Gregor, an English priest, when investigating a pecu- 
liar mineral occurring in form of a black sand, to which 
he gave the name menachanite (menaccanite) from its 
place of occurrence, Menachan in Cornwall. The ele- 
ment present in the compound he called **menachin." 
In 1794 Klaproth recognized a peculiar oxide in rutile, 
whose element he called ** titanium," and which was 
later found to be identical with the menachin of 
Gregor. This name titanium is derived from the 
term *' titans,'' the fabled giants of ancient mythol- 
ogy, hence indicating enormous in size or strength. 
It has been universally accepted. Berzelius, Woehler 
and Rose have contributed extensively to the further 
knowledge of titanium compounds and derivatives. 

Chemistry and Commercial Points. — Titanium 
of atomic weight 48.1 is a gray metallic powder, hav- 
ing the color and lustre of iron, whidi burns with 
great splendor, when heated in the air, and decom- 
poses water on boiling. When heated to redness in 
oxygen gas it burns with a vivid light resembling a 
discharge of electricity. It dissolves in dilute hydro- 
chloric and sulphuric acids with brisk evolution of 
hydrogen. The metal is usually prepared by heatin 
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potassium titano-fluoride of the formula KsTiFl^ with 
potassium in a covered crucible. The metal is then set 
free with vivid incandescence, and the potassium 
fluoride formed may be removed by washing with 
water. 

Metallic titanium may also be prepared by passing 
the vapor of the tetrachloride through a heated bulb- 
tube containing lumps of sodium, separating the re- 
sulting mixture of salt and titanium with cold water^ 
washing the residual titanium with ether, and drying 
it over sulphuric acid. When thus prepared it does 
not act upon water at any temperature below 500° C. 

The presence of titanium in iron ores and in the 
pig-iron or steel prepared therefrom, is generally re- 
garded as injurious. Opinions in this regard are, 
however, divergent, since recent experiments seem to 
indicate that certain percentages of ^ titanium in steel 
or iron are rather beneficial. The several titaniferous 
ores as well as the metal titanium and ferrotitanium 
are, therefore, liable to become prominent in the near 
future. 

The ferrocyanide of titanium has found applica- 
tion in commerce on account of its fine green color. It 
is prepared by adding potassium ferrocyanide to a so 
lution of hydrated titanic oxide in hydrochloric aciJ» 
and washing and drying the green colored powder. 
When in this condition it forms a substitute for the 
poisonous Schweinfurth green and other arsenical 
pigments. 
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Mineralogy. — The mineral rutile, when pure, con- 
sisting of titanium dioxide, in the proportion of — 

Ti 60.0 per cent. 

40.0 per cent. 



100.0 

is usually accompanied in nature by iron, the per- 
centages of the latter amounting sometimes to ten per 
cent. The form of crystallization is usually pris- 
matic, the crystals being striated vertically or fur- 
rowed, also frequently slender and acicular, but rai'ely 
compact and massive. Their cleavage is distinct, their 
fracture subconchoidal to uneven, with a hardness 
of 6 to 6.5, and a specific gravity of 4.18 to 4.25. 
Rutile is brittle, of metallic adamantine lustre, of a 
reddish-brown color passing into red, with varying 
tints of yellow, blue, violet, black and rarely grass 
green. By transmitted light the mineral appears deep 
red, is transparent to opaque, and shows a pale brown 
.streak. The ordinarj'^ variety is brownish-red, and 
has a specific gravity of 4.18 to 4.25, others being 
edisonite, named after the inventor, Thomas A. Edi- 
son, which occurs very sparingly in the gold washings 
of Polk county. North Carolina, and nigrine, a fer- 
riferous rutile of black color on account of its eon- 
tents in ferric iron, which amount to two or three per 
cent. A jet black rutile is found at St. Peter's Dome, 
Colorado, which contains 3.77 per cent ferrous iron, 
and has a specific gravity of 4.288. A black rutile 
occurs furthermore in the granite of the Black Hills, 
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Dakota, in twin crystals, prismatic and orthorombic in 
habit, which has a specific gravity of 5.29 to 5.31, and 
contains 8.01 per cent. FeO and 1.35 per cent. SnOo. 
Finally there exists a grass green variety, colored by 
chrome. 

Rutile is infusible before the blowpipe and gives 
with salt of phosphorus a colorless bead, which as- 
sumes in the reducing flame a violet color on cooling. 
Most varieties contain iron, and give a brownish-yel- 
low or red bead in the reducing flame, the violet only 
appearing after treatment of the bead with metallic 
tin or charcoal. It is insoluble in acids, and made 
soluble by fusion with an alkali or alkaline carbonate. 
The solution containing an excess of acid, with the ad- 
dition of tin foil, gives a beautiful violet color when 
concentrated. 

Rutile occurs in granite, gneiss, mica slate and 
syenitic rock, and sometimes in granular limestone 
and dolomite, and is common, as a secondary product, 
in many slates in the form of microlites. It is gener- 
ally found in embedded crystals, often in masses of 
quartz or feldspar, and frequently in acicular crystals 
penetrating quartz, also in phlogopite, a magnesium 
mica, and has been observed in diamond. It has also 
been met with in hematite and ilmenite, an iron 
titanate, but rarely in chromite of the formula CraO;.. 
FeO. It is common in grains in many auriferous 
sands. 

Not considering foreign localities, its occurrence 
has been observed at Warren, Maine; at Lyme and 
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Hanover, New Hampshire; at Waterburv, Bristol, 
Dummerston and Putney, Vermont; at Barre, Wind- 
sor, Shelburne, Leyden and Conway, Massachusetts; 
at North Guilford, at Lane's mine, Monroe, and the 
adjoining town of Huntingdon, Connecticut ; at Eden- 
ville, Warwick, Amity and Kingsbridge, New York; 
at Sudsbury, Parksburg, West Bradford, Newliii, 
Pennsylvania; at Newton, New Jersey; at Crowder's 
Mountain, Stony Point, North Carolina; in Haber- 
sham county and at Graves' mountain in Georgia- 
and at Magnet Cove, Arkansas. It is of frequent 
occurrence in Colorado, beautiful specimens of the 
black variety, and resembling twins of cassiterite, hav- 
ing been found. 

Another titanium mineral, crystallizing in octa- 
hedra, is octahedrite or anatase, which has the same 
composition as rutile, and behaves in the same manner 
before the blowpipe as the latter. Its cleavage is per- 
fect, its fracture subconchoidal, its hardness 5.5 to 6, 
and its specific gravity 3.82 to 3.95, and sometimes 
4.11 to 4.16 after being heated. It is brittle, has nn 
adamantine lustre, various shades as browm, passing 
into indigo blue, and black, and appeal's greenish- 
yellow by transmitted light. The mineral is trans 
parent to nearly opaque, and gives an uncolored 
streak. It occurs in the United States at the Dexter 
lime rock, Smithfield, Rhode Island, in dolomite, and 
in the washings at Brindletown, Burke county, Xortli 
Carolina, in transparent tabular crystals. 

Brookite, a third titanium mineral of the same 
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composition as rutile and octahedrite, is found only 
in crystals. Its habit is varied, often tabular, or 
prismatic, and striated vertically, sometimes simu- 
lating rutile. Its cleavage is indistinct, its frac- 
ture subconchoidal to uneven, and it has a hard- 
ness of 5.5 to 6 with a specific gravity of 3.87 to 4.01. 
The mineral is brittle, its lustre metallic adamantine 
to submetallic, its color hair brown, yellowish, reddish, 
reddish-brown, also brown to iron-black, and it is 
translucent. Its streak is uncolored or verges into 
grayish and yellowish. Before the blowpipe it be- 
haves like rutile. Brookite, which was named after 
the English crystallographer and mineralogist, H. J. 
Brooke, occurs in the United States at Magnet Cove, 
Ozark mountains, Arkansas, in thick black crystals, 
in small crystals in the gold washings of North Caro- 
lina, at the lead mine of EUenviUe, Ulster county, New 
York, and at Paris, Maine. 

Perovskite, virtually a calcium titanate, deserves 
mention under this head. It is named after von Per- 
ovski of St. Petersburg, and carries, when pure, 

TiOo 58.9 per cent. 

CaO 41.1 per cent. 



100.0 



The mineral is found in the United States in ser- 
pentine at Syracuse, New York, and also in Elliott 
county, Kentucky. Its crystals are generally cubic 
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in habit, but are often highly modified; its cleavage 
is rather perfect, its fracture uneven to subconchoidal, 
its hardness 5.5, and its specific gravity 4.017. It is 
brittle, of adamantine lustre, and its color varies from 
pale-yellow to honey-yellow, orange-yellow, reddish- 
brown to grayish-black. Perovskite is transparent to 
opaque in appearance, and has either a colorless or 
grayish streak. It is infusible on charcoal, dissolves 
easily in the oxidizing flame with salt of phosphorus, 
and gives a greenish bead while hot, which becomes 
colorless on cooling; in the reducing flame the bead 
changes to grayish-green, and on cooling assumes a 
violet-blue tint. It is entirely decomposed by boiling 
sulphuric acid. Specimens of perovskite analyzed as 
follows : 

I. II. 

TiO., 59.00 58.66 per cent. 

CaO 36.76 41.47 per cent. 

FeO 4.79 None 

MgO) 

MnOj... 0.11 None 

100.66 100.13 

Finally, ilmenite, also known as menaccanite, an 
iron titanate, remains to bo mentioned. It consists, 
when pure, of 

TiO. 52.7 per cent. 

FeO 47.3 per cent. 

100.0 
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Its crystals are usually thick and tabular, also 
acute rhombohedral, but occur often in thin plates or 
laminae. The mineral is found, however, also in mas- 
sive and compact form, in embedded grains, and loose 
as sand. Its fracture is conchoidal, its hardness 5 to 
6, its specific gravity 4.5 to 5, and its lustre submetal- 
lic. Ilmenite is opaque, has an iron-black color, a 
submetallic streak, and its streak-powder varies in 
color from black to brownish-red: It affects slightlj' 
the magnetic needle. 

Before the blowpipe the mineral is infusible in the 
outer flame, but is slightly rounded on the edges in 
the inner flame. With borax and salt of phosphorus 
it reacts for iron in the outer flame, and with the lat- 
ter flux assumes a more or less intense brownish-red 
color in the inner flame. If this is treated with tin 
on charcoal, it changes to a violet-red color, when the 
amount of tianium is not too small. The pulverized 
mineral, heated with hydrochloric acid, is slowly dis- 
solved to a yellow solution, which, filtered from the 
undecomposed mineral and boiled with the addition 
of tin-foil, assumes a beautiful blue or violet color. 
It is decomposed by fusion with acid sulphate of 
sodium or potassium. 

Ilmenite occurs in Warwick, Amity and Monroe, 
Orange county, New York; also four miles west of 
Edenville, and near Greenwood furnace, and at Ches- 
ter and South Royalston, ^Massachusetts ; at Litchfield, 
Connecticut, and Troy, Vermont. Carter's mine, 
North Carolina, is also known as a place of occurrence. 
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Vast deposits or beds of titanic ore are found at Bay 
St. Paul, in Quebec, Canada, and grains occur in the 
gold sand of California. The composition of ilmenite 
becomes clear from the following analytical data : 

Ilmenite from Washingtonite from 
Ilmen Mountains. Litchfield, Conn. 

TiO, 45.93 22.21 per cent. 

PCjO., 14.30 59.07 per cent. 

PeO 36.52 18.72 per cent, 

MnO 2.72 None 

MgO 0.59 None 

100.06 100.00 

Specific gravity of Ilmenite, 4.811 to 4.873. 

Specific gravity of Washingtonite, 4.992. 

Titanium is often present in slags and pig-iron^ 
also in mineral waters and in the sun's atmosphere- 
Its presence in clays in the form of oxide reduces their 
refractibility considerably. 

Detection of Titanium. — Dissolve the finely pul- 
, verized titaniferous mineral in hydrochloric or nitric 
acid, evaporate to dryness, take up with dilute acia 
and water, filter, and add hydrogen peroxide to the 
filtrate, when a fine yellow or orange color appears. 
Ferric chloride should not be present, hence pass a 
current of sulphur dioxide through the liquid to re- 
duce it to the ferrous state. 

Qualitative Determination. — Titaniuni com- 
pounds, when heated on charcoal before the blowpipe, 
are not reduced to the metallic state, (Distinction 
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from In.) Heated in a borax bead on charcoal, or 
better still, in a bead of microcosmic salt, pure TiOj, 
or a titanate containing bases, which do not them- 
selves color the borax bead, yield in the outer flame a 
colorless glass, but in the inner flame, a glass which is 
yellow while hot, but assumes a violet color on cooling. 
The reduction is promoted by the addition of a little 
zinc or tin. If some FeS04 ^^ added, the bead ob- 
tained in the inner flame becomes blood-red. 

NH4OH, (NHJoS, KOH or NaOH, alkaline car- 
bonates, as well as BaCOy produce a bulky white pre- 
cipitate of ortho-titanic hydrate HoTiOg or TiO (OH) .. 
which is insoluble in an excess of the precipitants. 
When thrown down in the cold and washed with cold 
water, it is readily soluble in dilute HCl or in dilute 
H2SO4. Washing with hot water converts it into in- 
soluble metatitanium hydrate. The presence of tar- 
taric acid prevents the precipitation. (Iron as well 
as Ni, Co, Zn and U are precipitated by (NH4)2S in 
the presence of tartaric acid and NH^OH, while Mn 
is not, and these may therefore be separated thus • 
from Ti.) 

Infusion of galls produces a brownish precipitate, 
which speedily turns orange-red. 

Na2HP04 throws down the titanic acid almost 
completely from an acid solution as a white gelatinous 
phosphate, which, when washed and dried, leaves a 
basic salt Ti(0H)P04 HoO. 

Metallic tin or zinc, immersed in a HCl solution 
of TiOo, evolves hydrogen, and reduces the TiOj to 
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TioOg, which gives rise to a pale violet or blue colora- 
tion, and finally throws down a dark violet precipi- 
tate, which is rapidly reoxidized to white TiOg with 
decomposition of the water, or when exposed to the 
air. This reaction frequently reveals the presence of 
TiOo in the analysis of iron ores during the process of 
reduction with zinc, previous to the estimation of iron 
by potassium permanganate. 

The metal titanium has a great affinity for nitro- 
gen, with which it combines directly. Hence its oc- 
currence in blast furnace slags as nitride TiCyj STigN^j 
in bright copper-colored cubes. 

Quantitative Estimation. — In order to determine 
titanic anhydride TiOs, the finely powdered mineral 
(rutile) is fused with three parts of K2CO3, the fuse*! 
mass powdered and treated with cold water, which 
removes alkaline silicates, and leaves insoluble potas- 
sium titanate KgTiOg together with ferric oxide. This 
is washed by decantation or on a filter with cold water, 
and dissolved in cold dilute HCl. On diluting con- 
siderably with water and heating to boiling for some 
time, the whole of the Ti is precipitated as meta- 
titanium hydrate (Fe being held in solution by the 
acid), which differs from orthotitanic acid in being 
quite insoluble in all acids, except concentrated H2SO4, 
while titanium hydrate, obtained by precipitation with 
alkalies, of exactly the same composition, is readily 
soluble even in dilute HijS04 or HCl. The precipi- 
tated meta-titanic acid is usually tinged yellow, owing 
to some ferric oxide which is carried down with it. It 
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is best, therefore, to filter off, to wash with a solution 
of NH4CI, and redissolve the precipitate in concen- 
trated H2SO4. After dilution with water it is repre- 
cipitated once more by long continued boiling, and 
this is then all but free from iron. This niethod an- 
swers for the separation of titanium from Al, Be Y 
and Th. 

A more expeditious method for separating the iron 
oxide consists in precipitating the two metals from the 
dilute acid solution by means of (NH4)2S as FeS and 
TiO(OH)2, and to treat the precipitate with aqueous 
sulphurous acid, which dii^solves the FeS, and leaves 
the pure orthotitanic acid. 

Another method consists in fusing the titanif erous 
compound with six times its weight of KHSO4, ^^1^ ^^ 
yields a clear mass, dissolve in a large quantity of cold 
water and acidulate with dilute H2SO4, when meta- 
titanic acid is precipitated as above. SiOo, if present, 
is not attacked by KHSO4, ^^^ remains in the insolu- 
ble residue. 

The TiOo may also be determined by fusion with 
acid potassium fluoride, and dissolving the fused mass 
in dilute HCl. The potassium titanium fluoride 
KoTiFl^ formed, which is difficultly soluble in water 
(1 part requires 96 parts at 14° C), is collected on a 
filter, and washed with cold water, and purified by 
recrystallization from boiling water. Its aqueous so- 
lution, when treated with NPI4OH, yields titanium 
hydrate, which on ignition is converted ^vith incan- 
descence into pure titanium anhydride — -white, when 
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only feebly ignited, and yellowish or brownish when 
intensely heated. 

Silica or silicates, containing traces of titanium 
may be decomposed with HFl. Sulphuric acid should 
also be added in order to prevent a portion of the 
titanium from beine volatilized with the SiFl formed. 



CHAPTER XXVII. 



LITHIUM. 



History. — Lithium is the metal of the alkaliue 
base **lithion," discovered by Arfvedson in 1817 in 
petalite, and found subsequently in several other min- 
erals. The element received its name from the Greek 
term, meaning stony, because Arfvedson and Berzelius 
believed that it belonged exclusively to the mineral 
kingdom. They also imagined that lithium was not 
absorbed by plants, and sought for it in vain in the 
ashes of the latter. Subsequently it was shown, how- 
ever, that lithium occurs in most plants, especially in 
the leaves, and that the ash of tobacco carries fre- 
quently 0.44 per cent, of lithium chloride. The pres- 
ence of lithium in excess appears to be injurious, how- 
ever, to plants. 

Chemistry and Commercial Points. — Lithium of 
atomic weight 7.03 and the specific gravity 0.59 is the 
lightest of all metals, and floats on naphtha. It is a 
silver- white body, which oxidizes less rapidly than 
potassium or sodium, and is softer than lead, but less 
tenacious. The metal melts at 180° C, and bums 
with an intense white light, when heated above that 
temperature. At a degree of heat near 200° C. it 
attacks silica, glass and porcelain, and volatilizes at a 
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bright red heat in a current of hydrogen. It dissolves 
rapidly in nitric acid, often with fusion and ignition, 
and quickly in dilute sulphuric or hydrochloric acids, 
but slowly in concentrated sulphuric acid. 

In order to produce the pure metal, lithium chlor- 
ide is first fused, and decomposed by the current from 
a battery of four to six Grove's cells, using a small 
positive pole of gas carbon and a negative pole of iron 
wire. In two or three minutes the wire may be with- 
drawn, and the regulus of lithium of the size of a 
small pea removed by a spatula beneath rock oil. In 
this manner an ounce of the metal may soon be re- 
duced. It cannot be obtained by ignition of the car- 
bonate with carbon like potassium and sodium. 

Lithium salts are employed to a considerable ex- 
tent for medicinal purposes, since lithium forms a 
very soluble uranate. Furthermore the carbonate and 
citrate are administered to remove uric acid from the 
blood in gouty affections, or to dissolve calcareous 
secretions from the human body. 

In order to extract lithium salts from lepidolite or 
petalite, ten parts of the minerals are mixed with ten 
parts barium carbonate, five parts barium sulphate, 
and three parts potassiimi sulphate, and the mixture 
ignited at the highest temperature of a wind furnace. 
Two layers are thus produced, the lower of bariui!; 
silicate and sulphate, the upper of white sulphate of 
potassium and lithium. It is lixiviated with water 
and treated with barium chloride to convei-t the alka- 
lies into chlorides, and precipitate the sulphuric acid 
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as barium sulphate. The solntion is eyaporated to 
drfness, and digested with a mixture of equal parts 
of absolute alcohol and ether, in which the lithium 
chloride dissolves with only a trace of potassium and 
sodium chloride. 

When using triphylene, it is dissolved in hydro- 
chloric acid, the iron oxidized to ferric chloride by the 
addition of nitric acid, the phosphoric acid precipi- 
tated by the ferric salt formed, the mixture evap- 
orated to dryness, and the remaining mass extracted 
with water. Manganous and lithium chlorides are thus 
dissolved: the former is precipitated with barium 
sulphide, the excess of barium being removed by tte 
addition of ammonium carbonate or sulphuric acid. 
The solution is evaporated with oxalie acid, and the 
residual oxalate ignited to carbonate. 

Or the finely ground and sifted lepidoiite is made 
into a thin paste \vith concentrated sulphuric acid in 
a warmed brick trough, and digested and stimnl 
until it commences to agglomerate. It is then cal- 
cined in a reverberatory furnace, and, while warm, 
well lixiviated with water and filtered. The lye is 
mixed with sufficient potassium sulphate to convert 
all the alumina into alum, and the solution decanted 
from the alura meal. The remaining alumina is pre- 
cipitated by milk of lime, the alkalies are converted 
into chlorides by addition of barium chloride, and the 
solution evaporated to dryness. The chlorides of 
lithium and calcium are extracted with absolute alco- 
hol, the alcohol is distilled olT. and the calcium pre- 
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cipitated by ammonium oxalate, and an}' heavy metaL; 
present removed by adding a little ammonium sul- 
phide. Finally the solution is evaporated in a silveu 
basin. 

In ease it is intended to extract lithium, caesium 
and rubidium from lepidolite or petalite, the mineral 
is fused at a red heat, the fusion poured into cold 
water, the mass resulting pulverized and washed, and 
the residue treated with twice its weight of hydro- 
chloric acid. Boil the mass for two hours, filter off 
the greater part of the silica, add nitric acid to change 
the ferrous salt dissolved to the ferric tstate, and pre- 
cipitate with sodium carbonate, the solution being 
diluted to such an extent that the lithium carbonate 
will not be thrown down. After evaporation in an 
iron vessel, to separate more magnesium carbonate, 
saturate with hydrochloric acid, and add th^ proper 
quantity of platinic chloride to precipitate all the 
rubidium and caesium. The filtered liquid, contain- 
ing an excess of platinum and lithium, is treated with 
hydrogen sulphide to separate the platinum, then con- 
centrated, and mixed with sodium carbonate to pre- 
cipitate the lithium as carbonate. By this method 
1,000 parts of lepidolite will give 78 parts of lithium 
carbonate, and 6.5 parts of rubidium and caesium 
chlorides, supposing the operation to be continuous. 
If thallium is present, which is frequently the case, 
it will be precipitated as thallium platinic chloride 
along with the rubidium and caesium. 

Mineralogy. — The rare alkalies, lithium, caesium 
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and rubidium occur only in small quantities in nature, 
but are widely disseminated. All of them are found 
in certain mineral springs and plant ashes, those of 
tobacco and the beet containing appreciable amounts 
of lithium. Among the minerals carrying these ele- 
ments, lepidolite or lithia mica, spodtimen,e, a lithium 
aluminum silicate, petal ite of the same character, 
triphylite, a phosphate of lithium, associated with iron 
and manganese, and pollucite, a caesium aluminum 
sodium silicate, are the most important. The first 
named mineral, lepidolite, is found in aggregates of 
short prisms, often with rounded terminal faces, also 
in cleavable plates, but commonly massive, scal^'^- 
granular, coarse or fine. Its cleavage is basal and 
highly eminent. Its hardness 2.5 to 4, its specific 
gravity 2.8 to 2.9, and its color varies from rose-red 
to viol§t-gray or lilac, yellowish, grayish-white and 
white. Lepidolite is translucent, and has a pearly 
lustre. 

It occurs especially in granite veins, and is often 
associated with muscovite, as in the rose mica of 
Goshen, Massachusetts. Other places of occurrence in 
the United States are Hebron, Auburn, Norway, Paris 
and Rumford in Maine; Chesterfield, Massachusetts; 
Middletown, Connecticut, and San Diego, California. 

In the closed tube lepidolite gives water, and reac- 
tion for fluorine, while it fuses before the blowpipe to 
a white or grayish mass. It colors the flame carmine 
at the moment of fusion — a characteristic reaction for 
lithium. Some varieties jrive reactions for iron and 
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manganese with fluxes. The mineral is attacked by 
acids, but not completely decomposed by them. After 
fusion it gelatinizes with hydrochloric acid. Its com- 
position is as follows : 

I. II. III. 

SiOj 49.62 51.11 49.52 per cent. 

Al^Oa 27.30 25.26 28.80 per cent. 

FcgOj 0.31 0.20 0.40 per cent. 

FeO 0.07 0.07 0.24 per cent. 

MnO 0.55 0.17 0.07 per cent. 

K^O 8.03 10.51 8.82 per cent. 

LigO 4.34 4.98 3.87 per cent. 

NaoO 2.17 1.43 0.13 per cent. 

Hgb 1.52 0.94 1.72 per cent. 

Fl 5.45 6.57 5.18 per cent. 

CaO MgO None 0.13 0.15 per cent. 

RbgO 2.44 1.29 3.73 per cent. 

CsaO 0.72 0.45 0.08 per cent. 

102.52 103.11 102.74 

Spodumene is another lithium carrying mineral of 
importance, its average composition, when pure, being 
given by the figures— 

. SiOs 64.2 per cent. 

AI2O3 27.4 per cent. 

LioO 8.4 per cent. 

100.0 

It generally contains a little sodium, and the va- 
riety **hiddenite," also chromium in cases, to which 
the emerald-green to yellow color of the mineral is 
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due. The latter is used as a gem, and resembles the 
emerald. Spodumene occurs mostly in prismatic 
crystals, which are often flattened and striated, and 
sometimes very large, but it is found also in massive 
form. The cleavage of the mineral is perfect, its 
fracture uneven to subconchoidal, its hardniess 6.5 to 
7, and its specific gravity 3.13 to 3.20. Its lustre is 
vitreous, its color varies from greenish- white to gray- 
ish-white, yellowish-green, emerald-green, yellow and 
amethystine purple, and its streak is white. The min- 
eral is brittle and transparent to translucent. 

Before the blowpipe spodumene becomes white and 
opaque, swells up, imparts a carmine color to the flame, 
indicating the presence of lithium, and fuses to a clear 
or white glass. The powdered mineral, when fused 
with a mixture of acid potassium sulphate and fluorite 
on a platinum wire, gives a more intense lithium reac- 
tion. Spodumene is not acted upon by acids. 

The mineral occurs at Goshen, Chesterfield, Ches- 
ter, Huntington and Sterling, Massachusetts ; at Wind- 
ham, Maine ; at Winchester, New Hampshire ; Brook- 
field and Branchville, Connecticut ; near Stony Point, 
Alexander county, North Carolina; near Ballground. 
Cherokee county, Georgia, and at the Etta tin mine in 
Pennington county, South Dakota, in immense crys 
tals. 
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The composition of spodumene and hiddenite is 
represented by the following data: 

Spodumene from Hiddenite from 
Huntington, Alexander 

Mass. Co., N. C. 

SiO, 63.79 64.35 per cent. 

AI263 27.03 28.10 per cent. 

FCoOg 0.39 0.25 per cent. 

Cab 0.73 None 

MgO 0.21 None 

LioO 7.04 7.05 per cent 

K2O 0.12 None 

NaaO 1.10 0.50 per cent. 

Ignition None 0.15 per cent. 

101.41 100.40 

Petalite, another lithium mineral, occurs usually 
in massive condition, sometimes in tabular form, but 
rarely in crystals. The cleavage of the latter is pei*- 
fect, and the fracture imperfectly conchoidal. The 
mineral has a hardness of 6 to 6.5, a specific gravity 
of 2.39 to 2.46, a vitreous lustre, is colorless, white or 
gray, and occasionally reddish or greenish-white. It 
is brittle, transparent, to translucent, and has an un- 
colored streak. 

Petalite is found in the United States at Bolton, 
Massachusetts: at Peru, Maine, and at York, near 
Toronto, Canada. If gently heated before the blowpipe, 
it emits a blue phosphorescent light, becomes glassy 
on charcoal, subtransparent and white, and melts 
only on the edges. It gives the reaction for lithium. 
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forms a colorless, clear glass with borax, and is not 
affected by acids. Its composition is shown in the 
following : 

Prom Peru, Maine. 

SiO, 77.29 77.92 per cent. 

AI263 16.95 16.24 per cent. 

LijO 2.62 3.63 per cent. 

NagO 2.39 0.51 per cent. 

K2O Trace Trace 

Ignition 1.03 . 0.65 per cent. 

FCgOa Trace 0.56 per cent. 

MnO Trace None 

MgO None 0.24 per cent. 

100.28 99.75 

Triphylite, which is next to be considered, is a 
phosphate of iron, manganese and lithinm, corre- 
sponding to the formula Li(FeMn)P04, and verging 
in color from the bluish-gray triphylite with little 
manganese to the salmon-pink or clove-brown lith- 
iophilite with but little iron. It occurs usually in 
massive form and rarely in coarse crystals. 

The cleavage of the mineral is perfect, its frac- 
ture uneven to subconchoidal, hardness 4.5 to 5, spe- 
cific gravity 3.42 to 3.56, and its lustre vitreous to 
resinous. It is transparent to translucent in appear- 
ance, of greenish-gray to bluish color in triphylite, 
also salmon colored, honey-yellow, yellowish-brown, 
light clove-brown, in lithiophilite; often nearly black 
on the surface. Its streak is uncolored to grayish- 
white. 
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Triphylite decrepitates usually in a closed tube, 
turns to a dark color, and gives off traces of water. 
It fuses before the blowpipe, coloring the flame beau- 
tifully crimson in streaks, with a pale bluish-green 
on the exterior of the cone of flame. The coloration 
of the flame is best seen when the pulverized mineral, 
moistened with sulphuric acid, is treated on a loop of 
platinum wire. With the fluxes it reacts for iron and 
manganese, the iron reaction being feeble in pure 
lithiophilite. It is soluble in hydrochloric acid. 

Triphylite occurs at Branchville, Fairfield county, 
Connecticut, in a vein of albitic granite in irregular 
masses, intimately associated with spodumene, an<i 
occasionally in rough crystals. It is found also at 
Tubb's farm, Norway, Maine, and at Norwich, Massa- 
chusetts, and with spodumene at Peru, Maine, and at 
Grafton, New Hampshire. 

Triphylite from Lithiophilite from 

Grafton, Branchville, 

Light blue. Clove-brown. 

P0O5 43.18 45.22 per cent. 

FeO 36.21 13.01 per cent. 

MnO 8.96 32.02 per cent. 

CaO 0.10 None 

MgO 0.83 None 

LioO 8.15 9.26 per cent. 

NagO 0.26 0.29 per cent. 

H2O 0.87 0.17 per cent. 

Gangue 0.83 0.29 per cent. 

99.39 100.26 

Specific gravity of triphylite, 3.549. 
Specific gravity of lithiophilite, 3.482. 
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Finally pollucite, though very rare, and occurring 
on the island Elba, and at Hebron, Maine, deserves 
mention. It was found in the latter locality in a sin- 
gle cavity, about a pound in all, in a loose heap, mixed 
with clay and associated with quartz. The American 
mineral contained a large amount of caesium, besides 
small quantities of lithium, as will be seen from the 
analysis given below. PoUucite occurs crystallized in 
cubes, and striated transversely, rarely in other forms, 
and also massive. It has a partial cleavage, con- 
choidal fracture, is brittle, and has a hardness 6.5 with 
a specific gravity of 2.901. Its lustre is vitreous and 
bright on surface of fracture, but sometimes dull and 
gum-like externally. It is colorless and transparent. 
The mineral occurs very sparingly in the island of 
Elba, with petalite, in cavities in granite. 

In the closed tube pollucite becomes opaque, and 
yields water, but only at a high temperature. It 
whitens in the flame, fuses with difficultv, and colors 
the flame yellow. Hydrochloric acid decomposes it 
slowly, pulverulent silica separating out. It analyzes 
as follows: 
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Pollucite from Polkicite fnvn 
PTebron, Me. P^lba. 

SiO, 43.48 44.03 per cent. 

FgoO None 0.68 per cent. 

Al'O..' 16.41 15.97 per cent. 

(^ab *. 0.21 0.68 per cent 

CsoO 36.77 34.07 per cent. 

K.b 0.47 Trace 

Xa..() 1.72 3.88 per cent. 

Li.,b 0.03 Trace 

11 J> 1.53 2.40 per cent. 

100.62 101.71 

Specific gravity of mineral from Elba, 2.901. 

Dkticction'. — Lithium compounds produce a fine 
cai'iiiine red color in the blowpipe tiame. They anr 
usually colorless, and when in stnm^r solution, <2:ive a 
precipitate on addition of carbonates or sodium phos-^ 
phate. in presence of ammonia. 

QiALiTATiVE Determination. — By means of the 
spectroscope the presence of very minute traces of 

lithium mav be readily detected bv a brilliant crini- 

• , • 

son band, lying: between the lines B and C, and some- 
times a faint yellow line, if the flame of a good Bunsen 
burner be employed. 

PtCl^ produces no precipitate. 

Xa.llPO^ j)roduces on boiling a white pivcipitatt 
of lithium phosphate 2Li.,P0^ : IL.O, very slightly sol- 
uble in cold water (2,500 parts), soluble in IICl, and 
reprecipitated only on boiling, after neutralization 
with ammonin. Lithimn carbonate, especially aft^r 



234 RARE METALS. 

having b6en fused, is difficultly soluble in cold water, 
hence alkaline carbonates yield from concentrated 
solutions of lithium salts a crystalline precipitate of 
lithium carbonate LioCOo (1 part of the carbonate 
requires 100 parts of cold water for its solution, but 
less of boiling water). It is insoluble in alcohol. 
Hydrated lithium carbonate is soluble in water, and 
lithium silico-fluoride is almost insoluble in water. 

QijANTiTATiVK ESTIMATION. — Tlic solutiou Contain- 
ing: the alkalies as chlorides is treated with sodium 
phasphate, which should be absolutely free from alka- 
line earth phosphates, and enough sodium hydrate is 
added to keep the solution alkaline, when the mixture 
is evaporated to dryness. Sufficient water is added to 
dissolve the soluble salts, the solution heated gently, 
and filtered after twelve hours. The precipitate is 
washed with a mixture of one part of water and one 
part ammonia, of which liquid 3.920 parts dissolve 
only one part of lithium phosphate. The filtrate and 
the first two washings are evaporated and taken up as 
before, any residue of lithium phosphate being added 
to the bulk of the precipitate. The precipitate, dried 
at 100° C, has the composition of Li,PO,. 



CHAPTER XXVIII. 



CAESIUM. 



History. — This alkali metal was discovered by 
Bunsen and Kirchoff in 1860, while examinin": spec- 
troseopically the saline residue obtained by the evap- 
oration of the Duerkheim mineral water. Caesium is 
the first element discovered by spectrum analysis, and 
is the most strongly basic and electropositive substance 
known. It w^as named from the Latin term ' ' caesius, ' ' 
meaning bluish-gray, on account of the two character- 
istic blue lines in its spectrum. 

Chemistry and Commerciai. Points. — Caesium oi 
the atomic weight 132.7, specific gravity 1.38 at 15° C, 
and melting point 26° to 27° C, resembles potassium 
in appearance, being silvery-white and soft at ordi- 
nary temperatures. It oxidizes quickly, and inflames 
in air, and decomposes water rapidly with ignition of 
the liberated hydrogen. Caesium salts are stable, and 
haVe a tendency to form double salts ; they are isomor- 
phous with those of potassium and rubidium. The 
metal may be prepared by the electrolysis of a fused 
mixture of 4 parts caesium cyanide and 1 part barium 
cyanide, using electrodes of aluminum. 

The mineralogical points were given under the cap- 
tion lithium, the mineral poUucite containing larc^e 
percentages of caesium. 
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Detection. — Spectrum analysis is to be used in 
order to discover this element, when two distinct blue 
lines will be seen in the spectrum. These lines lie near 
the strontium line, and are seen together with various 
other less distinctly visible lines in the orange, yellow, 
and green. When heated on platinum wire in the inner 
flame of the blowpipe, volatile caesium salts impart an 
intense sky-blue color to the outer flame. 

Qualitative Determination. — PtCl4 produces a 
light yellow, crystalline, octahedral precipitate of the 
double chloride of caesium and platinum chlorides of 
the formula PtCl4.2CsCl, very difficultly soluble in 
boiling water — 0.377 parts in 100 parts of watpr. The 
corresponding potassium platinic chloride is dissolved 
by repeated treatment with boiling water. 

Tartaric acid produces a colorless, transparent, 
crystalline precipitate of hydrated caesium tartrate, 
about eight times more soluble in water than the cor- 
responding rubidium salt. 

The hydrate Cs(On) is very soluble, both in water 
and alcohol, and is very strongly alkaline. 

The carbonate CsCOo resembles potassium and 
rubidium carbonate, but is soluble in 5 parts of boiling 
alcohol. (Distinction from KoCOj, Na./yOjj, and 
RboCOo, which are practically insoluble in alcohol.) 
SnCl.^, added to a solution of the chlorides of Na, K, 
Li, Rb and Cs, containing free HCl, forms a heavy 
white precipitate consisting of nearly pure caesium 
stannic chloride, CsCl SnCl^. By recrystallization 
from a hot hydrochloric acid solution the crystals are 
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obtained in a pure condition. This reaction affords 
an easy method of detecting and separating caesium 
in a mixture of the alkaline chlorides, the chlorides of 
K, Na, Li and Rb not being precipitated by SnClg. A 
hydrochloric acid solution of SbCl., acts similarly by 
precipitating a crystalline double chloride CsCl SbCl.,. 
The precipitate is decomposed by water, but can be 
washed, without decomposing, with concentrated 
h3'^drochloric acid. 

Quantitative Estimation. — In order to separate 
the chlorides of caesium and rubidium, obtained by 
the method given under lithium, the chlorides are con- 
verted into carbonates, and to the latter salts a littl»5 
more tartaric acid is added than is necessary to pro- 
duce neutral caesium tartrate and rubidium bitartrat^\ 
The mixtun^ having been dried and pulverized, is 
brought upon a funnel, whose neck is stopped by a 
small filter, and the whole is placed in an atmosphere 
saturated with moisture. The neutral caesium salt 
deliquesces, and passes the filter, while the acid rubid- 
ium salt remains behind. 
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RUBIDIUM. 



History. — This element was also discovered by 

Bunsen and Kirchoff in the Duerkheim mineral water, 

immediately after the discovery of caesium. It was 

called rubidium from the Latin adjective '*rubidus/' 

meaning red, for the reason that the spectrum of the 

element is marked by two dark-red and two violet 

lines. 

Chemistry and Commercial Points. — Metallic 

rubidium is a silver-white, soft metal with a yellow 
tinge, of atomic weight 85.4, and melting point 38.5 "^ 
C, which evolves a bluish-green vapor at a dull red 
heat. It oxidizes rapidly in air, and decomposes water 
with ignition of the hydrogen generated. As to Hs 
electropositive properties it is second only to caesium. 
Its salts correspond with those of potassium, but im- 
part a more reddish shade to the flame than the salts 
of that metal. Metallic rubidium may be prepared by 
heating a mixture of sugar charcoal, charred acid 
rubidium tartrate, and calcium carbonate at a white 
heat. Commercially the metal or its compounds have 
found no application unto the present. 

As to the mineralogical points rubidium minerals 
have been mentioned under ** lithium'' — lepidolite and 
petalite being especially noteworthy in that regard. 
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Detection. — Also in this case spectrum analysis 
will be found to be the best means for ascertaining the 
presence of the element. When thus examined, two 
dark red lines on the extreme left of the solar spec- 
trum, and close to the potassium line, together with 
two distinct violet lines, and several weaker lines in 
the yellow, readily distinguish rubidium compounds. 
Volatile rubidium salts, when heated on a platinum 
wire in the inner blowpipe flame, color the outer flame 
dark-red. 

Qualitative Determination. — The oxide of i*ubid- 
ium, known as rubidia, of the formula RboO, is a pow- 
erful base, and its salts are isomorphous with those of 
potassium. The hydrate Rb(OII) is strongly alka- 
line, and very soluble in water and alcohol. The car- 
bonate, RboCO;., is a deliquescent salt, insoluble in 
alcohol. 

PtCl4 produces a light yellow, crystalline precipi- 
tate of rubidium platinic chloride, PtCl^ 2RbCl, verj" 
difficultly soluble in boiling water. The solubility cf 
the double chlorides of Pt and K, Rb or Cs is respec- 
tively as 5.18, 0.634, and 0.377 in 100 parts of boiling 
water. (Method of separation of K from Rb and Cs.) 

Tartaric acid yields a white precipitate of hydrated 
rubidium tartrate, which is soluble in 10.3 parts of 
water at 25° C. 

Rubidium and caesium resemble potassium also in 
forming alums, which differ considerably in their solu- 
bility in water, 100 parts of water at 17° C. dissolving 
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13.5 parts of potassium alum, 2.27 of rubidium aluui, 
and only 0.62 part§ of caesium alum. 

Quantitative Estimation. — The several platinum 
salts are first prepared, and after having been gently 
heated in a current of hydrogen, the caesium and 
rubidium chlorides can be separated from the metallic 
platinum by hot water. The two chlorides are next 
converted into carbonates by digestion with silver car- 
bonate. The solution is then evaporated to dryness, 
and the CsgCO.} extracted with boiling alcohol, RbaCO;^ 
being insoluble in the latter. 

Or the carbonates may be converted into acid tar- 
trates by adding to the solution twice as much tartaric 
acid as is necessary to neutralize it. The two tar- 
trates are separated by fractional crystallization, 
hydrated rubidium tartrate crystallizing out first, be- 
ing about eight times more insoluble in water than tho 
hydrated caesium tartrate. On ignition, the pure tar- 
trate yields again the carbonate, from which the vari- 
ous salts are prepared. 
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Analysis of Vanadium and Uranium Ores. 



Pulverize the ore to 80-mesh or finer; dry it at a 
temperature of 100° C. From the dried ore weigh out 
one gram into a small beaker, and pour over it 25 c.e. 
of dilute nitric acid (one part of strong acid to three 
parts of water) ; digest the ore in the acid on a hot 
plate for a few minutes, let the insoluble matter settle, 
and filter off the liquid. Wash the residue with hot 
water, let the liquid cool, and pass sulphuretted hydro- 
gen gas into it to remove copper, etc. Filter off the 
precipitate produced by the HoS, wash it, boil the 
filtrate and washings to expel the excess of gas, and 
then add one or two cubic centimeters of hydrogen 
peroxide to oxidize the iron and vanadium to the high- 
est state; boil to decompose the excess of H202'> 1^* 
the liquid cool a little, and then add an excess of am- 
monia and ammonium carbonate, whereby the iron, 
etc., is precipitated, but the V and U held in solution. 
The iron precipitate will, however, hold some U and V, 
especially the latter. Digest the liquid containing the 
iron precipitate in a warm place for some time, say 
ten minutes, but do not boil it long enough to decom- 
pose the ammonium carbonate. 

When the iron precipitate settles, filter it off, and 
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vlissolve it in the least possible quantity of dilute nit- 
I'ic acid, reserving the filtrate, which contains the 
greater part of the vanadium and uranium. Repre- 
cipitate the iron, etc , with an excess of ammonia and 
ammonium carbonate, digest as before and filter, al- 
lowing the liquid to run into the filtrate from the 
first precipitation of the iron; wash the iron precipi- 
tate with hot water, dissolve it in dilute nitric acid, 
and test the liquid with a drop of HoOo. If the solu- 
tion turns deep red, it still contains some vanadium, 
and the precipitation with ammonia must be repeated, 
letting the filtrate run into the beaker containing the 
filtrates from the first and second separations of the 
iron. The united filtrates contain all the uranium 
and vanadium. 

The diluted liquid may now be neutralized with 
nitric acid, and the hydrated uranium oxide thrown 
down with ammonia, when the precipitate is allowed 
to settle. The latter is filtered off, washed with dilute 
ammonia water, dried, and incinerated in an open 
platinum or porcelain crucible, and weighed as U^Os. 

Lumps of ammonium chloride are then placed into 
the filtrate, to eliminate the metavanadate, which sep- 
arates out within about twelve hours. It is then re- 
moved from the mother liquid by filtration, washed 
with a concentrated solution of ammonium chloride, 
dried, incinerated in an open crucible and weighed 
as VoOg. 

If, however, the titration process is preferred, boil 
the liquid, which should be contained in a rather large 
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beaker, rapidly to decompose the ammonium carbon- 
ate, and expel it together with the excess of ammonia. 
When this has been effected, the liquid will become 
cloudy from the precipitation of the vanadium and 
uranium. After expelling the excess of ammonia, etc., 
add to the boiling liquid nitric acid, drop by drop, 
until it again becomes clear, and the precipitate Is 
perfectly dissolved. Remove the beaker from the 
source of heat, and add to the hot liquid 10 c.c. of 
a saturated solution of lead acetate. If the excess" 
of nitric acid is not great, a precipitate of lead vana- 
date will form at once. However, it is necessary to 
add also a few grams of sodium acetate to insure the 
complete neutralization of the nitric and the absence 
of any free acid except acetic acid. The lead vana- 
date is insoluble in dilute acetic acid, but it dissolves 
readily in nitric acid. The precipitate is digested on 
a water bath for a short time until it settles well ; it 
is then filtered off and washed with hot water. The 
liquid contains no vanadium, but the precipitate is 
likely to contain a little uranium. Therefore, dis- 
solve it in as little dilute nitric acid as possible (it 
is very easily soluble) ; dilute the liquid, add two or 
three c.c. of lead acetate, and then a little sodium 
acetate as before. The lead vanadate resulting from 
the second precipitation is free from uranium. The 
filtrate from it is added to that obtained from the 
first precipitation. Dissolve the lead vanadate on the 
filter paper in dilute nitric acid, and collect the filtrate 
and washings in a beaker, add to the liquid 25 c.c. of 
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sulphuric acid (half strong acid and half water), and 
filter off the lead sulphate, evaporate the liquid on 
a hot plate until heavy fumes of sulphuric anhydride 
are evolved, cool, take up with water, and transfer 
to a 10-oz. flask ; add 10 c.c. of strong sulphurous acid, 
which reduces the vanadium from VoOjj to V0O4. The 
liquid will turn deep blue. Boil it briskly until the 
excess of sulphurous acid is expelled, and then titrate 
the hot liquid with standard permanganate of potas- 
sium, one cubic centimeter of which should be equal 
to about 0.005 grams of iron. The iron value of the 
permanganate 

X 182.8 

112 

The lijfuid containing the uranium contains also 
an excess of lead and sodium acetates. Add to it 10 
c.c. of strong sulphuric acid, and filter off the lead 
sulphate formed, make the filtrate slightly alkaline 
with NH4OH, which will precipitate the uraniiuu as 
the hydrated oxide, boil the liquid, and let the pre- 
cipitate settle, filter, but do not wash the precipitate ; 
dissolve it in dilute sulphuric acid (1 to 6), add a lit- 
tle more of the latter acid to it, and evaporate to 
strong fumes of the anhydride, cool, take up with 
water, transfer to a small flask, add some granulated 
zinc, and allow the uranium solution to reduce from 
the uranic to the uranous form. The zinc should, 
of course, be free from iron, and the evolution of hy- 
drogen allowed to continue for at least a couple of 



APPENDIX. 245 

hours to insure complete reduction. Titrate the re- 
duced solution at room temperature with standard 
permanganate solution. The iron value of the per- 
mangate 

X 289.4 

^^- -Uranium 

112 

Uranium x 1.779 equals the green oxide U.^Oy. 
The solution, from which the uranium is precipitated 
as the hydrated oxide, should be dilute (700 to 800 
c.c), as excess of acetates in concentrated solutions 
is prejudicial to the complete precipitation of am- 
monium uranate. Ammonium sulphide may be sub- 
stituted for the ammonia as the precipitant with 
good results. 

Separation of Iron From Uranium. 

When, as is generally the case, ammonium car- 
bonate is employed for this separation, it is well 
known, that some of the iron is always dissolved with 
the uranium. The following is, however, a method 
for rendering the separation complete. 

As uranium oxide in solution in annnonium car- 
bonate is not precipitated by ammonium sulphide, add 
to the liquid, separated by filtration from the bulk 
of the iron oxide, a few drops of (NH^^oS to elimi- 
nate from it, in the state of sulphide, the small (juan- 
tity of iron which has been dissolved. After filtering 
again, a solution is obtained containing all the uran- 
ium without anv trace of iron. 
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Analysis of Vanadinite. 

One to five grams of the finely pulverized mineral 
is dissolved in nitric acid, and the copper, lead and 
arsenic, or any other metal of the second group pre- 
cipitated by H2S, which at the same time reduces 
the vanadium pentoxide V2O5 to the tetroxide V2O4. 
The blue solution is then filtered, the filtrate evapor- 
ated to dryness, and the residue remaining digested 
with ammonia, when the vanadium tetroxide becomes 
reoxidized into the ])entoxide, and combines with the 
ammonia to form ammonium vanadate. Take up with 
water, filter to remove iron and alumina, and add to 
the filtrate lumps or ammonium chloride, when am- 
monium metavanadate, NH^VO^, which is scarcely 
soluble in a concentrated solution of ammonium chlor- 
ide, will be precipitated. Filter, wash first with dilute 
ammonia water, then with alcohol, dry, incinerate in 
an open crucible to expel the ammonia, and weigh as 
VoOr,. Vanadium pentoxide melts without decomposi- 
tion to a yellowish-red mass, when heated, if kept 
away from reducing agents, and the red liquid crys- 
tallizes on cooling. Thp solid mass has a yellowish- 
red color. 

A Rapid Process. 

A rapid progress for estimating the tungsten in 
metallic tungsten or tungsten powders consists of the 
following operation : Oxidize to WO., by roasting at a 
red heat, drive off SiOo by means of HF, fuse with 
sodium carbonate, precipitate from neutralized solu- 
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tion with HgNOa, and ignite to WO3. It is advisable 
to operate on one or two grams of the tungsten. 

Estimation of Molybdic Acid. 

Add to the boiling solution of the molybdate lead 
acetate in slight excess. Boil for a few minutes; the 
precipitate, at first milky, will become granular, and 
will subside easily, leaving a perfectly clear super- 
natant liquid. Care must be taken in boiling, as the 
thick milky fluid is very apt to boil over. A ribbed 
filter is to be used, tmcl the precipitate to be washed 
with hot water. The washing proceeds with great 
ease and thoroughness, and not the slightest milki- 
ness should be apparent in the filtrate. The precipi- 
tate is dried at 100^ C., separated from the filter, 
which it does readily, and ignited at low redness in 
a porcelain crucible, leaving lead molybdate. 

Separation of Tungsten and Molybdenum. 

Precipitiite the molybdenum and tungsten to- 
gether by means of lead acetate, wash slightly with 
hot very dilute acetic acid, and ignite. Transfer to 
a beaker and dissolve in concentrated HCl, using 
about as many c.c. of acid as centigrams of the lead 
salts, and heating just short of the boiling point of 
the acid. In this way very few irritating fumes are 
evolved, and the acid is not weakened to any consid- 
erable extent befoi'e complete solution has been ef- 
fected. To the clear or possibly faintly opalescent 
solution add two ov three times its bulk of boiling 
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water; boil, allow to settle, decant the clear liquid 
through a small pulp filter, redissolve in about half 
the quantity of acid previously used, reprecipitate 
with water, and filter through the same pulp. The 
molybdenum is determined in the filtrate, either with 
or without removing the IICl by precipitation as 
PbMoO,. 

If the amount of tungsten is small compared with 
the molybdenum, the hydrochloric acid solution of 
the ignited lead salts, to which a few drops of nitric 
acid have been added, is evaporated, preferably over 
the water bath, until nearly pasty, when the WO., 
will have almost entirely separated. The mass is then 
diluted with 100 to 200 c.c. dilute IICI (3 water to 
1 acid), the solution boiled, a!>d the WO., filtered off. 
The weak acid precipitates any WO.j still unseparated 
by the evaporation, imd is yet strong enough to hold 
the molybdenum in solution. 

Whether the evaporation be performed slowly over 
the water bath, or more rapidly, some of the WO.5 al- 
ways adheres to the vessel and cannot be cleared off. 
A good plan for recovering this consists in dissolving 
it in two or three drops of dilute ammonia. The solu- 
tion is then absorbed by a piece of ashless paper, 
which is ignited along with the main portion of the 
precipitate. 

Detection of Ni, Co, Mn and Zn. 

Either one of these four metals can be i-eadilv 
distinguished from the others by adding to the ace- 
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tate solution first ammonium chloride, then excess of 
ammonia, and finally an excess of potassium ferricy- 
anide, when one of the following reactions will take 
place : 

1. A brown precipitate — Manganese. 

2. A deep-red solution — Cobalt. 

3. No change in the cold ; on boiling a copper-red 
precipitate — ^Nickel. 

4. No change in either hot or cold liquid. Add 
potassium ferrocyanide, white precipitate — Zinc. 

Detection of Both Cobalt and Nickel. 

To the slightly acid solution, containing nickel and 
cobalt, add an excess of ammonium chloride, then 
solution of potassium ferricyanide, until the precipi- 
tation is complete, and agitate the mixture under the 
addition of a large excess of ammonia. Filter, and 
examine the precipitate remaining as to its color,, 
which, if cobalt is present, will have a characteristic 
blue tint. The nickel is readily detected in the filtrate 
by addition of ammonium sulphide. The process is 
nearly quantitative and may be used for commercial 
purposes. 

Test for Cobalt. 

Add to the clear solution, obtained by the acetate 
method, tartaric or citric acid, then an excess of am- 
monia, and finally a few drops of a potassium ferri- 
cyanide solution. In case cobalt is present, the mix- 
ture will assume a deep dark-red coloration. Or add 
to the perfectly neutral acetate solution, which has 
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been evaporated to a very small bulk, a coucentrated 
solution of sodium sulphocyanate, when, on heating, 
a blue mass, consisting of cobaltic sulphocyanate, is 
precipitated, which is readily soluble in water and 
alcohol, but insoluble in carbon disulphide. Very di- 
lute solutions give, when thus treated at ordinary 
temperatures, a green color, which becomes blue on 
heating. 

Quantitative Separation of Nickel and Cobalt From Zinc 

and Manganese. 

Bring one gram of the finely powdei'ed ore in solu- 
tion by means of 10 c.e. sulphuric acid, 5 c.c. nitric 
acid and 3 c.c. hydrochloric acid, and evaporate to 
dryness on the water bath. Repeat this operation, 
in case the ore is not entirely decomposed, take up 
with hydrochloric acid and hot water, filter, wash, 
dry, ignite and weigh as acid residue (mainly SiOo). 

Conduct hydrogen sulphide through the filtrate 
until the smell of the gas becomes permanent, thus 
removing any of the metals of the second group pres- 
ent, let stand for tliree hours, and filter off the sul- 
phides, wash with water containing hydrogen sul- 
phide, and heat the filtrate under addition* of a few- 
drops of nitric acid or a little potassium chlorate to 
oxidize the sulphur of the hydrogen sulphide yet re- 
maining and to change the ferrous iron present into 
the ferric state. Cool, neutralize with ammonia under 
frequent stirring, until the liquid assumes a deep 
wine-color, then add a few drops of acetic acid, and 
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an excess of sodium acetate in solid condition. Heat 
to boiling, continue the ebullition for about five min- 
utes, let settle to see whether the supernatant liquid 
is water-clear, which it should be, heat again to boil- 
ing, add a small crystal of sodium sulphate, which 
prevents the precipitate of ferric iron, alumina, and 
phosphoric acid from running through the filter, and 
pass the liquid through a six-inch filter. Wash slightly 
with boiling hot water (filtrate I), dissolve the pre- 
cipitate on the filter in dilute hydrochloric acid, and 
treat the solution with ammonia, acetic acid, and 
sodium acetate as before, filter (filtratell), and com- 
bine the two filtrates. Evaporate to about 200 c.c. 
cool, and acidify with a few drops of hydrochloric 
acid, heat to change the acetates of the metals pres- 
ent into chlorides, cool, neutralize with ammonia, add 
a few drops of acetic acid and an excess of sodium 
acetate, and heat to boiling. Pass a rapid current of 
hydrogen sulphide through the boiling liquid for half 
an hour, when every trace of cobalt, nickel or zinc is 
precipitated in the form of sulphide, while the whole 
of the manganese remains in solution. Filter off the 
precipitated sulphides of cobalt, nickel and zinc 
quickly through a ribbed filter, and wash them with 
cold water saturated with hydrogen sulphide. Drive 
off the latter by heating the filtrate, neutralize with 
a few drops of ammonia, add an excess of ammonium 
chloride,' and precipitate the manganese as mangan- 
ous carbonate by means of a solution of ammonium 
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carbonate. Allow to settle in a warm place, pass the 
liquid through a double filter, wash with hot water, 
dry, ignite and calculate as Mn304. 

Dissolve the mixed sulphides on the filter with the 
least quantity of dilute nitro-hydrochloric acid, add 
to the solution, thus obtained, an excess of potassium 
cyanide, and digest at a gentle heat. Let cool, and 
precipitate the zinc as ZnS by adding a solution of 
sodium sulphide as long as a precipitate forms. Allow 
to stand for a couple of hours; filter carefully, so as 
to bring the zinc sulphide last on the filter, wash with 
water containing a little sodium sulphide, and pre- 
serve the filtrate containing nickel and cobalt. Dis- 
solve the precipitate on the filter in hydrochloric acid, 
boil, to drive off hydrogen sulphide, filter if necessary, 
and precipitate the clear solution with sodium car- 
bonate. To accomplish this, heat the sodium carbon- 
ate solution first, and then pour in the liquid contain- 
ing the zinc. Filter, wash with hot water, dry, ignite 
and calculate as Zn(3. 

Heat the filtrate, containing cobalt and nickel as 
double cyanides, filter and add to it a solution of 
mercuric oxide in mercury cyanide — readily prepared 
by boiling mercuric oxide in a concentrated solution 
of mercury cyanide, and filtering — when all the nickel 
is thrown down in form of a greenish precipitate, 
which is to be washed with water, dried, ignited and 
weighed as NiO. The following equations will ex- 
plain the reactions occurring : 
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I. 2NiCyo+xHgO+H20=HgCy2+Ni(OH)2NiCy2 
+ x — IHgO. (Greenish Precipitate.) 

II. Ni(OH)2NiCy,+HgO = 2NiO+HgCy2+H20. 

(Volatile on ignition.) 

The cobalt remains in solution as KeCooCyja, 
analogous in composition to the corresponding ferri- 
cyanide KeFegCyis. 

Neutralize the filtrate from the nickel precipitate 
with dilute nitric acid, and add a neutral solution of 
mercurous nitrate, Hg2(N03)2, which is best kept in 
the mercurous state by adding a few globules of me- 
tallic mercury to the aqueous liquid. A white pre- 
cipitate of mercurous cobalticyanide of the formula 
(Hg2)3Co2Cyi2 forms, which contains the whole of the 
cobalt. Filter, wash and ignite under a hood, when 
cobaltous cobaltic oxide of the composition C03O4 re- 
mains. 

Quantitative Estimation of Cliromium. 

Place one gram of the ore in a porcelain dish to- 
gether with a quantity of nitric acid and some potas- 
sium chlorate, and cover the dish with a reversed fun- 
nel. Heat, and add fragments of potassium chlorate, 
from time to time, through the stem of the funnel, 
until the chromic oxide has completely dissolved, 
which usually takes place in about half an hour. Fil- 
ter, dilute with water, neutralize the filtrate with am- 
monia, and add sufficient acetic acid to make it 
slightly acid, cool, add a solution of barium chloride 
in slight excess, and allow to settle for twelve hours. 
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Wash the precipitated barium chromate by decanta- 
tion with a cold solution of ammonium acetate, to 
remove barium salts, that may have been carried down 
with the chromate, filter, rinse with water, dry, heat 
in a crucible to expel the last traces of water and am- 
monium salt, ignite and weigh as BaCr04. 

Or add mercurous nitrate to the bqiling solution 
containing chromic acid, obtained by neutralizing" 
with sodium carbonate, allow the orange-red precipi- 
tate of mercuric chromate to stand for some hours, 
filter, wash with a hot but weak solution of mercur- 
ous nitrate, dry, and heat to redness in a crucible, 
until pure chromium trioxide CroOa remains. 

Very accurate results may be obtained by precipi- 
tating with barium acetate at a boiling heat, adding^ 
a small quantity of strong alcohol to the liquid, allow- 
ing the precipitated chromate to settle completely, so 
as to leave the supernatant liquid quite clear, wash- 
ing with water containing one-twelfth of its volume in 
alcohol, and filtering, drying and igniting. This 
method is the shortest, since the filtration and the 
washing may be executed almost immediately after 
precipitation. 

Volumetric Estimation of Antimony. 

The finely pulverized sample, one-half or one 
gram, is treated in a beaker with 50 c.c. hot water 
and 50 c.c. strong HCl, the water being added first. 
Heat on sand bath at 70° C, for one-half to one hour. 
Filter in large beaker or flask, washing with dilute 
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IICI and water. Add tartaric acid to filtrate, dilute 
to about 750 c. c, heat to 70° C, and precipitate witli 
HoS. Filter, wash with hydrogen sulphide water, 
then bring the precipitate back into the precipitation 
vessel with the aid of hot water. Warm the sulphide 
with 50 c.c. strong HCl, avoiding to heat to boiling, 
until no more HaS is evolved. The presence of HoS 
is at once detected, if a little cold water be added to 
the solution, by the reappearance of a precipitate of 
red SboSg, the addition in the absence of HoS caus- 
ing only a slight milkiness, due to basic chloride. 
When all HoS is expelled, the liquid is diluted, the 
turbidity is removed by just sufficient HCl added 
drop by drop, and the solution titrated with perman- 
ganate. 

5SbCl3+16HCl-f2K:MnO,-:^5SbCl,+2KCl+ 
2]\rnCl,+8HoO. 

If 5.27 grams of KMn04 ^^ dissolved per liter of 
solution, one c.c. will equal 1 per cent. Sb with one 
gram sample. The endpoint of the reaction is sharply 
defined. 

Volumetric Method for Determining Magnesia. 

Pour the solution, which should not contain too 
great an excess of ammonium chloride or ammonium 
oxalate into a large Erlenmeyer flask, add one-third 
the volume of concentrated ammonia and 50 c.c. of 
standard sodium arsenate, Cork up tightly and shake 
vigorously for ten minutes. Allow the precipitate to 
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settle somewhat and wash with a mixture of three 
parts water and one part strong ammonia, until the 
washings cease to react for arsenic; avoid using an 
excess of the washing fluid, however. Dissolve the 
precipitate in dilute hydrochloric acid (1:1), allow- 
ing the acid solution to run into the flask in which the 
precipitation was made^ and wash the filter paper 
with the dilute acid, until the washings and solution 
measure 75 or 100 c.c. Cool, if not already so, and 
add from 3 to 5 grams of potassium iodide, free from 
iodate; allow the solution to stand a few minutes, and 
then run in standard thiosulphate, until the color of 
the liberated iodine fades to a pale straw color. Add 
starch and titrate until the blue color of the iodide 
of starch is discharged. If preferred, an excess of 
thiosulphate may be added, then starch arid stand- 
ard iodine, until the blue color is produced. On add- 
ing the iodide of potassium to the acid solution, a 
brown precipitate forms, which, however, dissolves 
when the thiosulphate is added. 

The standard solution of sodium arsenate is 
prepared by dissolving 12.29 grams of pure ar- 
senious acid in nitric acid, evaporating to dry- 
ness on a water bath, neutralizing with sodium 
carbonate, and diluting to one litre. Each c.c. of 
this solution is equivalent to 0.005 gram of mag- 
nesium oxide. 
Separation and Estimation of Potassium and Sodium in 

Rocl<s. 

The silica is determined as well as the oxides of ii'on 

and aluminum •, the lime, magnesia and sulphuric acid 
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magnesium; filter, wash, ignite and weigh; the 
attack with carbonate of lime (1 gram of rock to 0.5 
gram of carbonate of lime) is effected in an assayer's 
furnace, for the estimation of the alkaline metals. The 
amount of silica is checked. As for the oxides of iron 
and aluminum, the lime and magnesia, the results here 
obtained are generally incorrect, no matter what care 
may be used in the separation of these bodies, on ac- 
count of the dissemination of the large quantity of 
lime added. The separation and estimation of the 
potash and soda are effected in the following manner : 
The silica, oxide of iron, aluminum and lime are elim- 
inated in the ordinary manner. The remaining solu- 
tion is evaporated to dryness on the waterbath, and 
the ammoniacal salts (oxalate, acetate, and chloride,) 
are driven off by heat. Take up with water, and sep- 
arate the magnesia in the form of ammonium-magne- 
sium-phosphate ; this is the only manner in which it 
can be entirely got rid of. The ammonia is driven off, 
and the phosphate of ammonium precipitated by a 
fresh solution of pure neutral acetate of lead at ten 
per cent, in large excess. Filter and remove the ex- 
cess of lead by means of hydrogen sulphide. After 
filtration and evaporation of the liquid on the water- 
bath, the residue is heated to dull redness, taken up 
with very dilute hydrochloric acid, filtered, and con- 
centrated. The potassium is precipitated by platinic 
chloride with alcoholic ether added. Filter, and wash 
with alcoholic ether; dissolve the potassium platinic 
chloride in warm water; displace the platinum by 
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magnesium; filter, wash, ignite and weigh; thv^ 
platinum precipitated corresponds to the potassium. 
From the solution separated from the PtCl4.2KCl, 
the alcoholic ether is driven off by heating, the plat- 
inum is precipitated with HgS while hot ; this is then 
filtered, the filtrate evaporated, and the residue 
brought to a red heat after the addition of sulphuric 
acid. This leaves sulphate of soda, which is weighed, 
and can then be crystallized. 

Estimation of Sulphur in Coal. 

Mix intimately one gram of the finely powdered 
coal with one gram of calcined magnesia, and one-half 
gram of dried sodium carbonate by means of a glass 
rod in a platinum crucible, and place the latter in an 
inclined position on a clay-pipe triangle. Apply a 
gentle heat with a Bunsen burner, so that only the 
lower half of the crucible shows a dull red heat, and 
stir the mixture by means of a heavy platinum wire, 
every five minutes, for an hour. Let cool completely, 
and mix intimately one gram of ammonium nitrate 
with the mass in the crucible, and heat for ten minutes, 
the crucible being covered with the lid. Pour the 
mass into a beaker, tapping and gently squeezing 
the crucible, add water, and warm, and ex- 
tract the remainder adhering to the crucible 
by filling the latter repeatedly to half its 
capacity with water and warming. Filter the com- 
bined liquids, heat, and add barium chloride to the 
filtrate, to precipitate the sulphuric acid formed as 
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barium sulphate. Filter, wash, dry, ignite and weigh 
as BaSO^. 

Electric Furnace. 

A new form of electric resistance laboratory fur- 
nace has been invented by Professor Holborn of Ber- 
lin, which permits of temperatures up to 1,500° C. 
being attained with ease by use of the ordinary 110- 
volt electric supply. The furnaces are made in two 
forms, the first being adapted for heating crucibles, 
and the second for heating tubes 44 centimeters in 
length. In both forms of furnace the electric current 
is conducted through a resistance coil of platinum or 
nickel wire, wound round a thin porcelain tube or 
cylinder. The crucible or substance to be heated is 
placed within this latter, and the space between the 
outer side of the coil and the containing vessel is 
packed with asbestos or powdered quartz. Using 
nickel, the temperature of the furnace cannot be 
raised above 1,000° C. without damage to the coil, but 
with platinum it is possible to attain a temperature of 
1,500° C. with a current of 14 amperes and 110 volts. 

THE CHEMICAL ANALYSIS OF CRUDE PETROLEUM 

AND OIL ROCK. 

The analysis of crude oil begins with the determin- 
ation of the smell of the liquid — a sweet odor indicat- 
ing the presence of a paraffine base — a petroleum 
smell, familiar to everyone, that of a petroleum base 
— and an asphalt odor, also readily recognized, the 
presence of an asphalt base. This preliminary test is. 
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however, to be confirmed by subsequent observations 
and results obtained during the course of the analy- 
sis, and is followed by the determination of the spe- 
cific gravity and degree, Beaume, of the oil, which 
is best accomplished by means of a hydrometer for 
light liquids, having the corresponding degrees of 
each marked on the scale. In conformity with the 
course of manufacture chosen by the refineries, the 
oil is then subjected to the distillation test by weigh- 
ing off about fifty grams of it, if the sample is large 
enough, or less, in case the amount of liquid at dis- 
posal is but limited. Some chemists refer their ana- 
lytical data, however, to volume, but it will be readily 
seen that this method does not cover all cases. When- 
ever the bulk of the oil, submitted for analysis, is 
very small (which is frequently the case), the several 
fractions produced by distillation will be but dimin- 
utive, so that the accurate measurement of the latter 
becomes very difficult, if not impossible. Besides, the 
reduction of the weights of the fractional distillates 
to volumes offers no special difficulty, as the absolute 
weights of these products are well known, and the 
proportions in bulk can be readily ascertained by 
simple calculations. 

The weight of a small Erlenmeyer flask, which fits 
the balance better than any other vessel, plus the oil 
to be distilled having been ascertained, the fluid is 
poured from the vessel into the bottom of a medium 
sized glass retort, care being taken not to touch the 
tubular opening made for the insertion of the glass 



APPENDIX. 2B1 

stopper, nor the inner sides of the retort with drops 
of the oil. The flask, containing the rest of the liquid, 
is then weighed, the weight of the oil to be subjected 
to distillation, ascertained by subtracting the second 
weight from the first, and a thermometer inserted 
into the tubular opening of the retort. To effect this 
insertion a short piece of rubber tubing is pushed 
over the stem of the thermometer, which assures a 
tight fit, and the instrument is placed in such man- 
ner that its bulb stands within about an inch above 
the surface of the oil to be distilled, so that, on heat- 
ing, the temperatures of the oil vapors arising can be 
readily read from the scale of the thermometer. The 
bottom of the retort, thus provided with the oil and 
thermometer, is then placed upon a pipestem triangle, 
resting on a tripod, without any further protection 
of wire gauze or other material, and the neck of the 
retort steadied by means of a support, its mouth be- 
ing inserted into a receiver, consisting of a small, 
tared, Erlenmeyer, which rests in a porcelain dish, 
filled with a freezini? mixture of ice and salt and cov- 
ered with a piece of heavy filtering paper. 

In case the oil contains highly volatile hydrocar- 
bons, liable to distil below the boiling point of water, 
as rhigolene, boiling at 18.3° C. or 64.9° F., petroleum 
ether, or gasoline, boiling between 70 and 90° C, or 
158 and 194° F., the bulb of the retort is placed in 
the ring of a water bath, so that the surface of the oil 
reaches below the level of the ring, when the water in 
the bath is gradually heated to 18.8° C. or 64.9° F. 
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This temperature is maintained for about fifteen min- 
utes, and the fraction, thus collected, weighed. It is 
essential to rotate the receiving flask continually dur- 
ing this and the subsequent distilling operations, so 
as to assure the condensation of the oil vapors as com- 
pletely as possible; also to close the flask by means 
of a cork or glass stopper immediately after remov- 
ing it from the neck of the retort, in order to prevent 
loss by evaporation, when carrying the flask to the 
balance, and weighing. If a common cork is used for 
this purpose it should be dry, smooth and tight- 
fitting, and be inserted into the mouth of the flask to 
a certain mark, made with a pencil, and be weighed 
with the flask while in this position. A glass stopper 
ground to fit the neck of the flask is, of course, prefer- 
able, and a dozen of such flasks, perfectly dry and 
clean, should be kept ready and numbered and 
weighed beforehand. 

These preparations having been made and the vol- 
atile parts of the oil, distilling up to 90° C, been 
determined, the retort is removed from the water 
bath, dried and placed upon the pipestem triangle, 
mentioned before. A very small gas flame is now 
cautiously applied to the bottom of the retort, the 
burner being constantly moved from side to side, and 
the temperature gradually raised to 110° C. or 230° 
F., another flask having been substituted to receive 
the naphtha now distilling, which is removed to be 
weighed and replaced by another flask. In the same 
manner the ligroine portion, distilling up to 120° C. 
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or 248° F., may be gathered and weighed, and finally 
the benzine fraction, distilling between 120 and 150" 
C, or 240 and 302° F., when the operation of chang- 
ing the flask and weighing it is repeated. This done, 
the temperature is raised from 150 to 200° C. or 240 
to. 392° F., when an exchange of flasks and weighing 
takes place, then to 250° C. or 482° F., and finally 
from 250 to 300° C, or 482 to 572° F., followed by 
the same manipulations as before. The weights of the 
oils, separated by these three last operations, are 
added and considered as the amount of illuminating 
or burning oil (kerosene) present, but are best given 
separately in the report, while the percentages of the 
volatile oils, determined before, are frequently ob- 
tained together in one distillation, and figure then in 
the reports under the popular caption of light oils or 
naphthas. In case Ihe specific gravities and the de- 
grees of Beaunie of these fractional distillates, ob- 
tained so far, should be required, the original weight 
of the crude oil employed must necessarily be in- 
creased or the distillation repeated several times, for 
the reason that the volumes of the several fractions 
collected from about fifty grams of the oil are too 
small to allow of the determination of these points by 
means of a glass cylinder and hydrometer. 

This stage of the process having been reached, the 
thermometer is removed from the tubular opening of 
the retort, and replaced by the glass stopper belonging 
to it, which is tightly fitted, so that the heating above 
300° C. may be safely continued, a new receiving flask 
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having been brought in place. The distillation is then 
started again, the heat given by the burner increased, 
and the driving over of the oil continued, until the 
carbonaceous residue remaining on the end is void of 
oil and perfectly dry. The distillates thus resulting: 
are weighed in one body, and represent the heavj'- 
hydrocarbons or lubricants, containing sometimes 
paraffines, which are separated from the liquid by- 
immersing the flask containing it in a freezing mix- 
ture, when the paraflfine will separate out in a semi- 
solid mass. The latter is freed from the lubricants, 
mixed with it, by bringing it quickly into the per- 
forated bottom of a lemon squeezer, which is provided 
with an inside layer of calico or similar fabric, folded 
closely over the upper part of the mass, and applying 
very carefully a gentle pressure by means of the up- 
per lid, when the lubricants will drip into a tared 
beaker or other suitable vessel, placed underneath, 
and small enough to allow of ready handling on the 
balance. The solid paraflfine remaining in the recepta- 
cle in form of a spherical cake is then broken into 
pieces, melted and allowed to crystallize, and again 
worked in the squeezer, when it is ready to be weighed 
as ' ' refined wax. ' ' In case it should be desired to as- 
certain the amount of ''block paraffine'' contained in 
the wax, it is washed with benzine, pressed again, 
melted and filtered through bone black, when it will 
be found to represent a perfectly clear and colorless 
liquid, which solidifies to a hard, translucent mass on 
cooling. When performing this operation the em- 
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ployment of a funnel, made from sheet iron, which 
can be conveniently warmed by the flame of a Bun- 
sen burner, will be found of great service, since it pre- 
vents loss of paraffine to a considerable extent. 

Instead of extracting the paraffine from the lubri- 
cants it can also be obtained directly from the crude 
oil. For that purpose a portion of the latter is placed 
in a flask, mixed with three times its volume of ether^ 
the liquid well shaken, and the vessel placed into a 
freezing mixture, when nearly all the paraffine present 
will separate out. It is removed from the mass by 
filtering and treated iu the same manner as shown 
above. 

The recovery of the oil from oil sand and shale on 
a laboratory scale is, according to the experience of 
the writer, most conveniently accomplished by pass- 
ing the shale or rock through a crusher and reducing 
it to the size of small pebbles. 

On the other hand, the oil sand may be reduced 
to this condition, if not hardened too much, by break-^ 
ing it with a hammer on an iron plate. The weighed 
mass is then placed by portions into the receptacle 
of an iron retort, used for distilling the mercury from 
gold amalgam, when the lid and delivery tube are at- 
tached, and the retort is plac^nl into the partition of a 
gasoline furnace serving for crucible assays. In or- 
der to prevent the loss of lioat as much as possible, 
the retort is inserted into a circular opening of its 
own size, cut from a heavy asbestos sheet, which cov- 
ers the remaining opeti space of the partition. A gen- 
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tie heat is then applied, and the latter gradually 
raised until yellow vapors appear at the mouth of the 
delivery tube, which enters a roomy, tared flask, 
placed in such manner that the tube reaches down 
to the upper center of the vessel. The flask itself 
rests in a basin, filled with ice and salt, and is covered 
with a cloth saturated with ice water, so that all eon- 
densible vapors are readily liquefied. Fifty to sixty 
pounds of oil sand or rock can be worked thus in the 
course of a day, after which the flask, or flasks, con- 
taining the oil are weighed and the weight of oil ob- 
tained in this manner is calculated. The product 
thus resulting is then subjected to fractional distilla- 
tion, and the composition of the oil ascertained ac- 
<;ording to the method described before. 

The analysis of the oil having been carried out to 
this point, the determination of the flashing and burn- 
ing points of the crude oil and of the illuminating 
and lubricating portions is now in order. The flash- 
ing point of kerosene or illuminating oil has been 
fixed by legislature for the city of Denver at 110° F. 
or 43.3° C, the test being executed in an open metal 
<5up, which contains the oil to be examined. A ther- 
mometer is inserted into the oil in the cup, which 
rests in a water bath, and the oil is heated indirectly 
from beneath by an alcohol lamp, while a burning 
splinter of wood or an electric spark is passed at in- 
tervals of two or three degrees of the thermometer 
scale over the surface of the liquid. On raising grad- 
ually the temperature of the oil, which is agitated 
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from time to time by means of a glass rod, so as to 
produce uniform conditions, it finally reaches the 
point of ** flashing,'' arid at the moment when the 
flickering occurs the thermometer is read and the 
flashing point thus ascertained. 

A great number of apparatus, whose construction 
is based upon the principle described, have been intro- 
duced, the first contrivance of this kind having been 
constructed by Tagliabue, an instrument maker of 
New York. It consists of a glass cup, holding the 
oil, which is placed in a water bath, made of copper, 
and heated by means of a spirit lamp. A thermome- 
ter is suspended in the oil and the temperature noted 
at which a lighted chip of wood or match, passed over 
the heated liquid, induces the production of a flash. 

It will be seen that an apparatus answering for 
the determination of the flashing point can be readily 
constructed by fitting a small metal cup or beaker, 
containing the oil to be tested, into the ring of a water 
bath, immersing a thermometer, supported by a stand, 
into the liquid, and heating according to the directions 
given above. Another manner of arranging an ap- 
paratus of this kind consists in placing a small beaker 
containing the oil and suspended in a triangle into a 
larger one, filled with water and serving as a water 
bath. The thermometer is then introduced into the 
oil and the test finished as indicated before. 

As to explosions caused by improperly refined pe- 
troleum when burned in lamps, it is generally eon- 
ceded that an oil having a flashing point, lying below 
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21° C. or 70° F., is to be considered as a dangerous 
illuminant ; but the refining of crude oil has been per- 
fected in recent years to such an extent that accidents 
of this kind belong to the rarities. Moreover, it is in 
the interest of the manufacturer to remove the vola- 
tile hydrocarbons from the bulk of the oil as com- 
pletely as possible, since these fluids bring a very high 
figure that of rhigolene f . i. amounting to seventy-five 
cents per pint in the retail trade. 

To satisfy, however, the most exacting, the kero- 
sene fraction is subjected in most refineries of the 
United States to a practical burning test in lamps of 
the usual construction, and the decrease in the size 
of the flame in a fixed period noted as well as the vol- 
ume of the oil consumed. To facilitate these observa- 
tions a special lamp, constructed by Saybolt, has been 
introduced, consisting of a cylindrical, graduated 
glass reservoir of small diameter, forming the stem 
of the lamp, and joined to a heavy glass foot, the 
whole being surmounted by a graduated glass chim- 
ney. The burner of the lamp furnishes a well shaped 
flat flame of considerable height in proportion to the 
width, and is provided with a carefully selected wick. 
While the observations referring to the height of the 
flame and the corresponding consumption of the oil 
are made, the lower part of the lamp is placed m a 
vessel filled with water of 15.5° C. or 60° F., so as 
to keep the oil at a steady temperature while being 
burned and tested. 

A method similar to the one described above for 
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making the flashing test is employed by United 
States inspectors for examining lubricants, and re- 
course is taken for this purpose to the determination 
of the burning or fire test, that is the degree of heat 
required to ignite the oil and cause its continued 
burning. In this case an open metallic cup is used, 
which rests on a tripod, and is heated directly by the 
flame of a spirit lamp, the temperature being read as 
usual, by a thermometer inserted, and the heat raised 
at the rate of 8° F. per minute; or the volatility of 
the oil is ascertained by noting the loss in weight, 
sustained by a given quantity of the oil, when exposed 
for a specific length of time in a shallow vessel to a 
high temperature. A good method consists in ex- 
posing twenty-five grams of the lubricant for twelve 
hours in a shallow dish to a temperature of 65.5° C. 
or 150° F., when testing engine and spindle oils, and 
to raise this degree of hent to 121° C. or 250° F., when 
testing cylinder oil. 

Naturally occurring lubricating oils, like those of 
Pennsylvania, Ohio, West Virginia and Kentucky, are 
classified according to their specific gravity and de- 
gree of Beaume, besides being tested according to the 
following directions, established by the West Virginia 
Transportation Company : 

**In receiving and making delivery of oils shipped 
by the company, the water and sediment contained 
therein shall be determined by mixing 'an average 
sample with an equal quantity of benzine and sub- 
jecting the mixture to 49° C. or 120° F. in a gradu- 
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ated glass vessel for not less than six hours, after 
which the mixture cools and settles not less than two 
hours for light grades, three hours for A grade, four 
hours for B grade, six hours for C grade, eight hours 
for D grade, and eighteen hours for heavier grades. ' ' 
The grades are as follows: 

A — 37.1° Beaume, about 0.838 specific gravity and 
lighter. 

B— 33° to 37° Beaume, and 0.859 to 0.838 specific 
gravity. 

C— 31.6° to 32.9° Beaume, and 0.870 to 0.859 spe- 
cific gravity. 

D— 30.6° to 31.5° Beaume, and 0.873 to 0.870 spe- 
cific gravity. 

E— 29.6° to 30.5° Beaume, and 0.877 to 0.873 spe- 
cific gravity. 

F— 28.6° to 29.5° Beaume, and 0.883 to 0.877 spe- 
cific gravity. 

G — 28.5° Beaume, and 0.883 specific gravity and 
heavier. 

Furthermore, ordinary crude petroleum, from 
which kerosene and the other usual commercial prod- 
ucts are manufactured, is required by the New York 
Produce Exchange to be ''pure natural oil,'' neither 
steamed nor treated, free from water, sediment or any 
other adulteration, of 43° to 48° Beaume, and a spe- 
cific gravity lying between 0.809 and 0.786. In or- 
der to ascertain whether the petroleum is a ''pure, 
natural oil,'' a sample is subjected to fractional dis- 
tillation, each fraction being one-tenth of the crude 
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oil by volume, when the degrees of Beaume and spe- 
cific gravities of the several distillates are determined. 
The regular gradation in the degrees of the fractions 
is considered as a satisfactory indication that the oil 
is a pure natural product. 

The analysis of the oil having been carried out to 
this point, there remains the establishment of the de- 
grees of viscosity of the fractions, the results obtained 
by the process employed forming the basis for the 
grading of the lubricants. A very simple apparatus, 
serving the purpose in view, may be constructed by 
selecting two pipettes of equal orifice and capacity, 
and placing them into the clamps of a burette sup- 
port. One of these pipettes is to be standardized by 
filling it to the mark with a standard oil, preferabl>^ 
sperm oil, and fastening it into the clamp, when its 
vertical position having been assured, the liquid is 
allowed to run into a vessel placed underneath. The 
time consumed by the running out of the oil is marked 
by means of a watch, which is suspended from a nail 
driven into the top of the stafY of the stand, so as to 
facilitate the taking of the time by the operator. The 
oil to be tested is now drawn into the second pipette, 
and the latter placed into the other clamp of the sup- 
port, when it is adjusted and also allowed to empty 
its contents, the time required for this operation be- 
ing read from the watch. The relation of the two 
data found indicates the degree of viscosity of the 
sample tested in comparison to that of the standard 
oil, the principle underlying the test being the well- 
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known fact that specifically light liquids leave the ori- 
fice of the pipette in less time than heavy fluids. 

This rather primitive viscometer, described above, 
has, however, been improved to a great extent, and 
very reliable and accurate apparatus have been con- 
structed in later years, among them the Saybolt, Red- 
wood, Engler, Mason and Lepenau, which differ es- 
sentially from one another in construction, and, there- 
fore, require special inspection in order to effect suc- 
cessful manipulations. 

Thus the viscometer of Lepenau consists of two 
similar metallic cylinders, placed vertically side by 
side in a water bath, and provided with three pairs of 
interchangeable jets to be inserted in the stopcocks at 
the bases of the cvlinders. A standard oil having: 
been placed in one cylinder, and the oil to be tested 
in the other, a pair of jets delivering the oil in drops 
is selected, and the number of drops fallintr from the 
two cylinders between two coincidences of dropping: 
is noted. 

Similar arrangements can also bo made with the 
pipette apparatus by attaching to the orifices of the 
instruments two pieces of rubber tubing of equal 
length, into which two exactly perforated narrow 
metallic jets have been pushed, and observing the 
falling of the drops. 

It will be seen from the foregoing that the deter- 
mination of the viscositv of an oil must iiocessarilv 
be an arbitrary one, no general standard liquid nor 
uniform width of the jets or pipettes used having 
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been accepted so far, though pure sperm oil is usually 
employed. On reporting the results obtained in the 
manner indicated, it is, therefore, proper to give the 
grade of the standard oil chosen, the name of the firm 
which furnished it, and the viscosity of the liquid as 
given by that concern. 

RADIUM. 

History. — The discoverer of this rare element is 
Madame Sklodowska Curie, a French lady of Polish* 
descent, and the first of her sex in the history of chem- 
istry to accomplish such a deed. In 1899 she began 
her researches about the rays emitted by uranium, 
which had been discovered by Becquerel and named 
from him Becquerel rays. These investigations led 
her gradually on to the discovery of radium, and 
gained so much in interest and importance in the 
course of time, that they caused her husband to lay 
down the work in which he was engaged and to join 
his wife in her aspirations. The product of their 
united efforts was the discovery of several so-called 
'^ radio-active '^ bodies — a term invented and intro- 
duced bv the renowned ladv herself. 

Radium, polonium and actinium were the three 
new bodies examined. The first of these accompanies 
the barium precipitate obtained by the chemical treat- 
ment of pitchblende or carnotite, the second is analo- 
gous to bismuth and separates out on subliming the 
sulphide in vacuo — the radio-active sulphide being 
much more volatile than the ordinarv bismuth sul- 
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phide. Polonium may also be prepared by precipi- 
tating a solution of bismuth nitrate by water — ^the 
precipitated basic nitrate being much more active 
than the salt which remains in solution. Finally polo- 
nium may be obtained by precipitating a strongly 
hydrochloric acid solution of bismuth with hydrogen 
sulphide, when sulphides are obtained, which are con- 
siderably more active than the salt remaining dis- 
solved. The third radio-active body discovered was 
found to be an associate of the iron group accom- 
panying pitchblende, and seems to be allied in partic- 
ular to thorium, from which it has not yet been found 
possible to separate it. 

Of these three radio-active bodies, which all occur 
in pitchblende in quite infinitesimal amounts, polo- 
nium was discovered by M. and Mme. Curie alone, 
radium also by them in conjunction with the scientist, 
Bemont, and actinium was identified by the chemist, 
Debierne, who also named it. 

Chemistry and Commerciaij Points. — The atomic 
weight of radium has been found to be 225 by Mme. 
Curie, who prepared and used the pure radium chlo- 
ride for this determination. The metal radium has 
not as yet been prepared. 

In order to obtain radium from earnotite, the pul- 
verized ore is dissolved in hydrochloric acid, a little 
nitric acid being added. Most of the acid is then 
evaporated, the residue mixed with water, and the 
liquid part filtered off. Dilute sulphuric acid is now 
given to the solution in small quantity to precipitate 
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the barium, and the mixture allowed to stand for sev- 
eral hours, when it is filtered. 

It is the precipitated sulphate of barium, which 
contains the diminutive radium values, and the latter 
are obtained from the precipitate by repeated frac- 
tionations. It is estimated that a ton of carnotite 
contains about five grains of radium, and as the chem- 
istry of that element is almost unknown, a consideiyi- 
ble waste of the valuable material takes place at every 
step of the operation. Very many tons of carnotite 
would have to be treated, therefore, to produce an ap- 
preciable quantity of radium, and that result could 
only be reached in a very well-equipped laboratory 
under the assistance of highly skilled assistants. The 
German manufacturer, who is selling radium bromide 
at the price of $2.25 a milligramme, is only able to 
supply it, because he was fortunate enough to get 
hold of some very rich residues, which had been ac- 
cumulating for many years at the uranium works at 
Joachimsthal, Bohemia. Such being the case, it would 
be preferable to buy the radium from Germany rather 
than spend six months' time and a large amount of 
money in preparing it. 

Furthermore, in addition to the work involved, 
it would not be worth while to embark in that 
enterprise, unless the manufacturer could treat ten 
or fifteen tons of the raw material per day, and, at 
the same time, have a well-appointed laboratory and 
experienced chemists to perform the subsequent oper- 
ations. The price of radium bromide at $2.25 a milli- 
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gramme will be maintained so long ajs only a limited 
number of milligrams is in existence. It would be out 
of the question, however, to reckon on selling radium 
by the ounce or the pound at such a figure. Hence, 
if anyone, entering in the manufacture of radium 
from carnotite, should expect to realize that figure or 
even a tenth of it by the pound, he would be disap- 
pointed. At a much lower price the demand for ra- 
dium would be good, but it is doubtful whether this 
demand would ever be much greater than it now is 
at the present figure. 

Mineralogy. — With reference to the mineralogy 
of radium it can only be stated that the element is 
present in the uranium ores, pitchblende and carno- 
tite. Protracted research will, however, it is hoped, 
allow a better insight into the mineralogical points 
of the element. 

Detection. — The new element can be detected by 
spectrum analysis — a method which served Mme. Curie 
as a means of bringing conviction to herself, when still 
in doubt as to the interpretation of the result of her 
researches. The radium line is found in the ultra vio- 
let, and the general aspect of the spectrum is that of 
the metals of the alkaline earths. These metals are 
known to have well-marked line spectra with certain 
nebulous bands. Qualitative or quantitative determin- 
ations of radium are naturally out of the question on 
account of its scarcity and the present condition of 
our knowledge of this remarkable body. Instead of 
directions in that regard we can give, however, the 
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following information about its peculiarities and the 
characteristics of the radium salts : 

Prom its chemical properties, radium is an element 
of the group of alkaline earths, being the member next 
above barium. Prom its atomic weight also, radium 
takes its place in the periodic system of the elements 
after barium with the alkaline earth metals, in the row 
which already contains uranium and thorium. 

The salts of radium, as the chloride, nitrate, car- 
bonate and sulphate, resemble those of barium, when 
freshly prepared, but they gradually become colored. 
All the radium salts are luminous in the dark. In 
their chemical properties, the salts of radium are ab- 
solutely analogous to the corresponding salts of bar- 
ium. However, radium chloride is less soluble than 
barium chloride. The solubility of the nitrates in 
water is approximately the same. The salts of radium 
are the source of a spontaneous and continuous evo- 
lution of heat. Radium is a bivalent element, the 
chloride having the formula Ra Clj. 

N. B. — The address of the radium merchant ( !) 
is Herr H. Buchler, Chinin Fabrik, Braunschweig, 
Germany. The price he charges is $2.25 a milli- 
gramme for nearly pure radium bromide — as stated 
before— or $3.00 a milligramme, if highly purified. 
This works out at $3,000 a gramme. 
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MOLYBDENITE AND THE COMMERCIAL PRODUCTS 

DERIVED THEREFROM. 

Molybdenite is a mineral which has come lately to 
the front, the main reason for this condition being its 
applicability, in the form of metal or ferro-molybde- 
num, to carbon steel, whereby the properties of the 
latter are essentially improved. It is even claimed 
that the molybdenum steel, obtained in that manner, 
is superior to any kind of steel known, tungsten steel 
not excepted. Consequently the demand for molyb- 
denite has considerably increased, and since it is more 
generally known, that the mineral occurs in Colorado 
and Oregon in commercial quantities, eastern firms 
have made the most tempting offers to. producers of 
molybdenite by stating their desire of buying large 
quantities per month by contract or of handling the 
whole output of the mine at good figures, even before 
the working of the deposit was started. 

These favorable commercial conditions are further- 
more explained by the fact that buyers of molybdenite 
were formerly obliged to import their merchandise 
through the assistance of foreign agents from middle 
Europe, and at a figure, which was almost prohibitive 
to making reasonable profits. It is to be expected, 
therefore, that the course of the trade in molybdenite 
will be materially changed, and that the states of Colo- 
rado and Oregon will be able to fill with facility any 
demand for that mineral in the near future. 

It is to be known, however, that molybdenite itself, 
which is a sulphide of molybdenum of the formula 
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MoSo and consists of 60 per cent, metallic molybde- 
num and 40 per cent, sulphur, can not be applied as 
such for the improvement of steel, and must undergo 
a treatment by which every trace of sulphur is re- 
moved. This operation is effected either by roasting 
the ore or by treating it with nitric acid, when, in 
either case, the trioxide, MoO., results, which may be 
reduced, under the addition of carbon in the electric 
furnace to molybdenum carbide. The carbide, thus 
obtained, is then fused with iron in the proportion de- 
sired to produce ferro-molybdenum, and the latter 
alloy is added, enclosed in an iron tube, to the molten 
steel. This complicated proceeding is necessary for 
the reason that the presence of the smallest percentage 
of sulphur in steel destroys its good properties and 
renders it brittle, or cold-short, so that it breaks when 
bent. 

In case the roasting of the ore is resorted to, it is 
desirable to effect as dead a roast as possible, so as 
to change most of the molybdenum present into the 
trioxide and the sulphur into the dioxide, which es- 
capes, thus : 

:\roSo+70=Mo03+2SO, . 

The process is rather favored by pulverizing the 
mineral finely, stirring from time to time, and apply- 
ing a gradually increasing heat, which may be brought 
to the highest temperature obtainable in the muffle 
or wind furnace, since molybdenite has not been 
known to fuse under these conditions. Whether the 
heat of the electric furnace is sufficient to produce 
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that result is not known, but it is to be assumed that 
decomposition will take place before melting, and that 
the two elements, molybdenum and sulphur, will be 
volatilized. The molybdenum trioxide, obtained in 
the manner described above, is then extracted from 
the roasted and cooled mass — which contains also the 
foreign admixtures ot the ore^ — by the addition of am- 
monia, in which the trioxide dissolves, forming ammo- 
nium molybdate, as shown by the following equation : 

TMoO^-f 14NH,OH=7 ( NH, ) JIoO^+THsO, 
which may be represented in a more simple manner 
as 

MoO,+2NH,OII=(NHJ,MoO,+H20, 
but had to be given in the first form on account of the 
fact that the molybdate thus obtained changes on 
evaporation into a complex salt, containing seven 
atoms of molybdenum, as will become apparent froili 
the equation presented here: 

7(NH4)2Mo04 if evaporated, becomes 
I (NHJeMo,Oo4-f4n,0]+8NH3. 

This salt crystallizes finally from the ammoniacal 
solution, and is a commercial product, which finds 
extensive application in chemistry for the detection 
and determination of phosphorus and the estimation 
of lead by titration. 

On adding ammonia to the roasted molybdenite 
the majority of the metallic oxides present as impuri- 
ties remain undissolved, sulphur besides arsenic and 
antimony, eventually contained in the mineral, having 
been volatilized by the heat, but copper, which has 
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been changed into the oxide by the roa*sting pro- 
cess, dissolves in the ammonia to a blue solution, and 
should be removed. As the elimination of this metal 
is a troublesome affair, and especially when working 
voluminous quantities of solution, buyers demand a 
mineral free of that element, and samples of molyb- 
denite should, therefore, be tested for the presence of 
copper. 

The advantage obtained by applying the roasting 
process to molybdenite consists in freeing the mineral 
of the volatile bodies named, but that method involves 
a great outlay of money, since it necessitates the erec- 
tion of a roasting furnace, which is a cumbersome 
and costly structure. As a rule, the introduction of 
such a furnace, which causes continuous expense in 
fuel and repair, should, therefore, be avoided if pos- 
sible, as in this case, where the chemical method con- 
sisting of the treatment of the concentrates of molyb- 
denite with nitric acid leads to the same final result. 
These concentrates can be obtained by using the Blake 
& Morscher electric separator on the ore, which, as 
judged by the Colorado species, seldom averages more 
than 10 per cent. The machine named will concen- 
trate molybdenite ore of four, seven, and ten per cent, 
in almost all cases to eighty per cent, and more, the 
only exception observed having been a mineral whicli 
consisted in great part of conglomerated mica. In 
other cases where the country rock was quartz, or 
porphyritic quartz, the concentration of the ore to be- 
tween 80 and 90 per cent, was effected by the machine 
with the greatest facility. 
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As a general characteristic for the habitat of mo- 
lybdenite is to be mentioned, that it occurs, in Colo- 
rado at least, only at or above the timber line, and as 
a rule disseminated through the country rock in spots 
or bands, also in pockets, but rather seldom in real 
Vfeins. As the ore is always low grade and found only 
in high altitudes, transportation to a manufacturing 
center should be avoided and the concentration ef- 
fected in place. These machines of Blake & Morscher 
are of the double kind, being twenty-four feet in 
length, about four feet wide and seven feet high, and 
consume about 1 II. P. Being of an automatic char- 
acter, ten of them can be operated and w;atched by 
one man, and this duty can be readily performed by 
the engine man. The sejjarators named accomplish 
the concentration of the molybdenite from the gangue 
just as readily as the separation of zinc, iron and lead 
concentrates from the complex Leadville ores, t4imi- 
nating besides in the latter case the silica in special 
parts. The molybdenite ore having been crushed to 
a 6 or 8 mesh, or other convenient size to loosen the 
metallic particles, one machine will handle between 
12 and 15 tons in a day of twenty-four hours. 

In case the chemical method is applied to the con- 
centrates obtained by the w^ork of these machines, the 
material to be treated is heated under the addition of 
nitric acid — the commercial article being employed in 
this case — when a violent reaction sets in accompanied 
by the emission of copious fumes of nitrogen dioxide, 
:and the molybdenite is oxydized into molybdenum tri- 
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oxide M0O3, which separates out in form of a white 
thick mass, w^hile iron oxide, generally present, en- 
ters into solution. The oxidation having been accom- 
plished according to the equations : 

(2S+4HN03=2H2SO,-f4NO 
|Mo+2HN03=Mo03+2NO+H20, 
or M0S0+6HNO,— Mo03f6NO+2H2SO,+noO, 

the mass is allowed to cool, and carefully mixed with 
ammonia in slight excess, when the trioxide is com- 
pletely dissolved, and the iron is precipitated from 
the solution as ferric hydrate. The latter having sub- 
sided, the clear supernant liquid, which now contains 
ammonium molybdate in solution, is siphoned or fil- 
tered from the solid remainder. Conditions are now 
as they were in the previous case, when the roasting 
process was applied, and the salt may be made to 
crystallize by evaporation. The ammonium molyb- 
.date obtained in this manner is either brought in 
the market as such, or subjected to roasting in a cru- 
cible, with continuous access of air, when it is decom- 
posed first into the dioxide MoOo of a blue color and 
oxidized on further application of heat to the trioxide 
M0O3, which is now of considerable purity, and 
wanted by the trade in general. 

It sells in the retail trade when chemically pure 
and free of ammonia at $2 per pound, and the metal 
molybdenum at 40 cents per gram. The further pur- 
ification of the trioxide, obtained as described above, 
can be effected by dissolving it again in ammonia, let- 
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ting the molybdate crystallize, and decomposing the 
latter by the application of heat in a crucible. 

It may then be mixed with carbon and reduced to 
metallic molybdenum or melted together with a good 
quality of iron, under the addition of charcoal, and 
thus worked into ferro-molybdenum. As stated be- 
fore, the molybdenum steel, obtainable by the incor- 
poration of the alloy with carbon steel, is claimed to 
possess properties which render it superior to tungsten 
steel. At least a comparison of molybdenum and tung- 
sten steel, of which the former contained 3.7 per cent, 
of the alloying metal, and the latter 3.8 per cent. — 
both being else nearly equal in composition — showed 
that the molybdenum steel was somewhat the softer 
of the two, and that common tempering methods af- 
fected the tungsten steel more forcibly than the other. 
The molybdenum steel was, however, stronger and less 
brittle than the tungsten steel after heating and tem- 
pering in water, while tungsten steel was more apt to 
split when worked, and broke more easily when bent 
cold. It was also found that the molybdenum steel 
stood heat treatment the better of the two. 

Since Krupj), the steel manufacturer of Essen, 
Germany, has been imd is still buying large amounts 
of molj^bdenite, it is assumed that molybdenum is 
used extensively in his works for the preparation of 
superior steels, while it is an assured fact that English 
manufacturers of alloys deal largely in metallic 
molybdenum and ferro-molybdenum. As to the mode 
of manufacturing this steel the same experiment 
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which was made with tunofsten powder was made with 
molybdenum in powder form, inasmuch as the latter 
was found to float on the surface of the molten carbon 
steel, and to oxidize when introduced in that form. 
The ferro-alloy was, therefore, resorted to, and a com- 
pound prepared which carries 50, 70, 75 and 85 per 
cent, of metallic molybdenum, besides the iron, and is 
applied to the steel bath under the precaution of en- 
closing the calculated amount of the alloy in an iron 
tube before immersion. 

This ferro-molybdenum steel was further improved 
by the introduction of various percentages of nickel, 
and a material obtained which more than answered 
expectations, since it was found to be readily fusible, 
the nickel acting as a vehicle. The great value of this 
ferro-nickel-molybdenum steel was readily acknowl- 
edged in this country as well as abroad, so that it is 
employed at present to a large extent in the United 
States, in England, and on the Continent. It serves 
principally for the manufacture of forgings, guns, 
rifle barrels, boiler plates and shells, and is found in 
the market as a compound, carrying about 75 per cent, 
molybdenum and 25 per cent, nickel, or nearly 50 per 
cent, molybdenum and 50 per cent, nickel, besides : 

Iron 2.0 to 2.5 per cent. 

Carbon 1.0 to 1.5 per cent. 

Silicon 0.25 to 0.5 per cent. 

Since molybdenmu increases the elongation of car- 
bon steel considerablv and verv much more so than 
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nickel alone, the importance of this alloy will be easily 
recognized. It is added by leading firms in sucli pro- 
portion that the finished molybdenum-nickel steel con- 
tains 0.25 per cent, molybdenum, whereby the elonga- 
tion of the steel is increased from 4 to 45 per cent. 
It will be readily seen then, that this effect of the alloy 
is of the greatest value for all classes of f orgings, and 
particularly for large crank and propeller shafts. 
Since the addition of this small percentage of the alloy 
causes but little expense, it is evident also that an in- 
crease of elongation, obtained at such small cost, is of 
the greatest import for wire drawing, while experi- 
ence shows that a molybdenum-nickel steel of that 
composition is a very desirable material for the manu- 
facture of plates for high pressure boilers or boilers 
of torpedo boats. 

Furthermore, it has been found that, by the addi- 
tion of about 1 per cent, of molybdenum the hardest 
chrome-nickel steels are rendered readily machinable 
— a fact which is of great interest and importance to 
manufacturers of armor plates, shells and similar 
products. In order to show, however, the unusual ac- 
tivity displayed at present in this field of metallurgy, 
we will mention that a patent has been obtained lately, 
numbered 22,504, for a high grade steel, containing 
less than 1.20 per cent, of carbon, from 6 to 15 per 
cent, of molybdenum, from 2.50 to 6 per cent, of chro- 
mium, and less than 1: per cent, of silicon. 

It must be emphasized, however, that the concen- 
trates of molybdenite, as obtained by the Blake & Mor- 
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scher separator, form by themselves a commercial 
product, which finds a ready market. The price paid 
for them depends upon the degree of concentration ob- 
tained, the usual concentrates of 80 per cent, molyb- 
denite bringing about $300 per short ton, as long as 
they -are free of copper. 

In some cases the ore is partly oxidized into the 
yellow oxide, molybdite, which is removed from the 
concentrates by means of ammonia, which dissolves 
it and leaves the purified molybdenite behind. When- 
ever such favorable conditions exist, molybdenite con- 
centrates, ammonium molybdate and the trioxide can 
be obtained without employing nitric acid, the manu- 
facturing expenses being limited in this case to the 
outlay for ammonia and the production of the neces- 
sary heat for decomposing the ammonium molybdate 
into the trioxide. 

When molybdenite is drawn over paper, it leaves 
a mark of greenish-gray color, very similar to that 
produced by graphite, and it is for this reason that 
the pure product is employed in the manufacture of 
pencils. Furthermore, it finds application as a lubri- 
cator for heavy work like graphite, but must be in this 
case entirely free of quartz or any other gangue. The 
salts of molybdenum are also highly estimated as pro- 
ducers of pigments, and are used for decorating china, 
and in the finer line of painting, and finally for the 
dyeing of silks and similar fabric. 
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ANALYTICAL METHODS. 



(a) 

Volumetric Determination of Uranium. 

Reduction with zmc and subsequent titration with 
permanganate may be employed for the determina- 
tion of uranium, but the solution must contain the 
sulphate or the acetate, and the point of complete re- 
duction by the zinc is difficult to recognize. The safest 
way is, therefore, to dissolve the potassium salt, ob- 
tained according to the directions given on page 125. 
of ** Analysis, Detection and Commercial Value of 'the 
Rare Metals,'' in dilute sulphuric or acetic acid, to 
introduce the zinc, let it act for at least half an hour, 
and then titrate the solution with permanganate to 
incipient redness. 

The standard of the permanganate is found by 
titrating a weighed quantity of uranium sulphate or 
acetate in a similarly treated solution. 

The formula of uranium sulphate is : UOgSO^ ; 
that of uranium acetate, UOo(CoH30o)oHoO. 

(b) 

Determination of {Molybdenum by Mercurous Nitrate. 
Prepare the ammoniacal solution of the molybdic 
acid as described for tungstic acid on page 18, 
dilute it, neutralize the free ammonia with 
nitric acid, and after a few minutes' standing, add 
solution of c. p. mercurous nitrate. The yellow pre- 
cipitate formed appears at first bulky, but after sev- 
eral hours it shrinks. It is insoluble in the fluid con- 
taining an excess of mercurous nitrate. 
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Collect the precipitate on a filter and wash with a 
dilute solution of mercurous nitrate, as it is slightly 
soluble in pure water. Dry, remove the precipitate 
as far as possible from the filter, ignite, mix the pre- 
cipitate together with the filter-ash, with a weighed 
quantity of ignited lead oxide, and ignite under the 
hood, until all the mercury is expelled. Then add 
some ammonium nitrate, ignite again and weigh. The 
excess obtained, over and above the weight of the lead 
oxide used, is molvbdenum trioxide MoO.j. 

(0 

Determination of Tungsten by Mercurous Nitrate. 

Having prepared the ammoniacal solution of the 

tungstic acid, as indicated on page 18, saturate 

the solution carefully with nitric acid, so that 

it will slightly redden litmus paper, let stand 

over night (24 hours) and add solution of mercurous 

nitrate as long as a precipitate is produced. Let the 

precipitate settle, collect it on a filter, and wash with 

water to which has been added a little mercurous ni- 

ti'ate. This operation is necessary to prevent the 

liquor from running through the filter turbid. After 

drying, incinerate the precipitate under a hood with a 

good draught. After calcination tungstic acid — WO, 

— remains pure. Repeat the ignition to constant 

weight. 

(d) 
Determination of Vanadium. 

Fuse the ore, which has been finely pulverized, 

with 15 per cent, sodium carbonate and 2 per cent. 

potassium nitrate for two hours in a fire-clay crucible 

in a muflPle to a red heat, and lixiviate the mass. Fil- 



290 RARE METALS. 

ter, and to the filtrate add nitric acid, leaving the so- 
Intion slightly alkaline. Filter, if necessary, and add 
to the filtrate barinrQ chloride, so long as it produces 
a precipitate. Filter off the barimn salts, and to the 
still moist precipitate add dilute sulphuric acid. in 
slight excess, boil and filter. Then neutralize the fil- 
trate with aminonia, concentrate, and add sal ammo- 
niac in excess. As the ammonium chloride dissolves, 
ammonium metavanadate is precipitated in form of 
a crystalline powder. AUow it to settle, filter it off, 
and wash with solution of ammonium chloride. Drv 
the precipitate, and heat it to red vanadic oxide — 
V2O5 — , which fuses, and cools to a crystalline mass. 

(e) 
Determination of l\1olybdenum as Barium Moiybdate. 

Weigh off one gram of the ** finely pulverised" ore 
and dissolve it in **aqua regia," since nitric acid alone 
is only effective on repeated boiling. Take up with 
water containing some ammonium chloride to prevent 
the acid formed running through the pores of the filter. 
Now filter, wash with ammonium chloride water, un- 
til a drop of the filtrate gives no precipitate with bar- 
ium chloride solution, and finally with alcohol. Dis- 
solve the molybdic acid on the filter with solution of 
caustic potash, and neutralize the filtrate with nitric 
acid. The solution becomes colored deep green. Boil, 
add, while warm, a few drops of hydrogen peroxide, 
and drive off the excess of the latter by boiling. The 
solution turns yellow. Add barium chloride in solu- 
tion to precipitate barium moiybdate, which is filtered 
off, dried and weighed. From this calculate Mo. 
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